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Preface 


This  project  describes  the  design  and  simulation  of  a 
totally  solid-state,  self-contained  data  acquisition  system. 
The  system  is  designed  to  collect  and  store  physiological 
and  environmental  data  of  aircrew  members  performing  actual 
missions.  The  Rockwell  System-65  minicomputer,  augmented 
with  two  megabits  of  magnetic  bubble  memory,  was  used  for 
operational  software  development  and  system  simulation. 
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Abstract 


~  I 

A  design  is  presented  for  a  self-contained,  man-mounted 
data  acquisition  system  to  sample  and  store  12  environmental 
iind  physiological  parameters.  The  design  consists  of  one- 
megabyte  of  nonvolatile  magnetic  bub1)le  memory  storage, 

16  analog  input  channels,  and  four  digital  input  channels, 
and  is  controlled  by  a  6502  microcomputer.  Operational  soft 
ware  was  designed  and  simulation  conducted  on  a  Rockwell 
System-65  minicomputer  augmented  with  two-megabits  of  mag¬ 
netic  bubble  memory.  Two  types  of  data  storage  methods  are 
examlned--conL inuous  (or  pulse  code  modulation),  and  three 
variations  of  delta  pulse  code  modulation  for  reduction  of 
data  storage. 

Nonuniform  sampling  rates  (or  sampling  jitter)  caused 
by  simultaneous  sampling  requests  were  investigated,  and 
ways  to  reduce  or  eliminate  the  occurrence  of  jitter  are 
also  presented. 


AIRCREW  INFLIGHT  PHYSIOLOGICAL 


DATA  ACQUISITION  SYSTEM 

I  Int  roducL ion 

As  aircraft  cajjabi  1  ities  increase,  so  do  the  physiologi 
cal  stresses  placed  on  the  crew.  'J’liese  stresses,  such  as 
low  temperature,  reduced  oxygen  and  pressure,  and  artificial 
gravity,  evoke  certain  unwanted,  possibly  hazardous,  physio¬ 
logical  responses.  The  United  States  Air  Force  School  of 
Aerospace  Medicine  (SAM)  has  a  program  underway  to  collect 
and  analyze  data  on  these  physiological  responses  during 
actual  flight.  The  objectives  of  this  program  have  been  to 
evaluate  the  effectiveness  of  life  support  equipment  and 
systems,  determine  the  oxygen  generation  and  storage  require 
iiicnts  lor  various  types  of  missions,  accumulate  a  data  base 
!  I'om  wluch  design  criteria  for  new  breathing  systems  and 
I'liv  ironmenta  1  contrcjl  systems  can  be  developed,  and  assess 
flic  |)liy  s  i  o  log  i  cal  cost  of  flying  operations  (Ref  1). 

As  indicated  by  the  title,  this  investigation 
addresses  the  data  collection  and  storage  portion  of  the 
pliys  i  ()  log  i  cej  1  response  analysi.s  problem.  The  device  which 
collects  the  data  is  called  tlie  Inflight  Physiological  Data 
Acquisition  .System,  or  :  I’PDAS .  Tlie  current  1 FPDAS  operated 
by  SAM  has  uiulergone  several  i  m])  rovemen  t  s ,  but  still  uses 
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a  cassette  tape  recorder  as  the  mass  storage  device.  As 
with  all  mechanical  devices,  its  performance  is  degraded 
during  high-G  maneuvering.  The  existing  system  also 
requires  that  analog  signals  be  converted  several  times 
before  getting  to  the  final  digital  state  for  analysis, 
idle  original  analog  signals  are  recorded  on  cassette  tape 
in  a  pulse  duration  modulation  format.  It  is  changed  back 
to  analog  when  read  from  the  cassette  tape,  and  finally 
converted  to  an  eight-bit  digital  representation.  The  cur¬ 
rent  system  is  controlled  by  discrete  logic,  with  each 
cliannei  being  sampled  32  times  per  second.  There  is  no 
capability  to  change  this  basic  sampling  rate  for  slowly- 
varying  signals.  Faster  sampling  rates  are  obtained  in 
increments  of  32  by  applying  the  input  signal  to  multiple 
channels.  Also,  due  to  discrete  logic  control,  the  current 
IFFDAS  has  no  capability  for  data  reduction  or  preprocess¬ 
ing.  Uue  to  these  inherent  limitations  in  the  existing  sys 
tein,  there  is  keen  interest  in  developing  a  highly  flexible 
rni  crop  rocessor- cont  ro  I  led  IFFDAS  utilizing  no  mechanical 
devices . 

Background 

System  Requirements .  SAM  personnel  identified  several 
initial  requirements.  First,  the  following  12  parameters 
must  be  collected: 

a.  triaxlal  acceleration  (Gx,  Gy,  Gz) 

b.  cabin  pressure 
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c.  anti'G  suit  pressure 

d.  mask  pressure 

e.  inspired  flow  rate 

f.  inspired  oxygen  concentration 

g.  expired  flow  rate 

h.  expired  oxygen  concentration 

i.  body  temperature 

j .  heart  rate 

Eleven  of  the  above  parameters  are  provided  by  sensors 
wliich  generate  analog  signals  in  the  range  of  zero  to  five 
volts.  The  remaining  parameter,  heart  rate,  is  provided 
both  as  an  analog  signal  and  as  an  eight-bit  digital  word. 
ITie  sensors  used  to  monitor  physiological  parameters  are 
noninvasive  (not  surgically  implanted)  and  have  an  accuracy 
no  better  than  17^  of  full  range.  Therefore,  1%  was  set  as 
a  guideline  for  IFFDAS  accuracy.  it  is  further  required 
that  ail  parcimelers  be  time  tagged  so  that  a  physiological 
rt'sponse  parameter,  such  as  increased  heart  rate,  can  be 
correlated  to  an  input  parameter  change,  such  as  increased 
Gc  acceleration. 

The  system  must  be  self-c<.)ntained  and  fit  into  a  sur¬ 
vival  vest.  These  requi  remc-nt  s  imply  that  the  system  be 
battery  powered  and  not  larger  than  2x5x9  inches.  Lastly, 
the  system  must  be  capable  of  operating  fur  at  least  four 
hours . 

Previous  Work.  Two  previous  AFIT  theses  investiga¬ 
tions  in  this  area  have  been  done. 
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Tile  first,  by  Jo  Ida  and 


Wanzek  (Ref  2),  proposed  a  microprocessor-controlled  system 
with  a  magnetic  bubble  memory  (MBM)  a.,  the  mass  storage 
device.  Several  sensors  were  interfaced  to  an  Intel  8080 
microprocessor  test  system  to  demonstrate  the  feasibility 
of  implementing  a  completely  solid-state  IFPDAS.  The  data 
storage  algorithm  used  to  reduce  the  amount  of  data  stored 
averaged  each  signal  over  a  lO-second  period. 

The  second  thesis  investigation,  by  Hill  (Ref  3) , 
looked  at  the  12  input  parameters.  Their  rates  of  change 
were  examined  and  sampling  rates  necessary  to  accurately 
reproduce  the  parameters'  signals  were  proposed.  Several 
data  storage  formats  were  suggested  and  implemented  on  the 
Intel  8080  test  system.  To  varying  degrees,  these  storage 
formats  traded  parameter  accuracy  for  reduced  storage.  A 
general  design  of  the  IFPDAS  was  proposed,  and  the  power 
and  space  requirements  for  that  system  were  specified.  For 
tlie  general  design  proposed,  an  implicit  assumption  was  made 
tfiat  the  list  of  12  parameters  was  complete.  The  overall 
effect  of  this  assumption  was  that  the  system  was  designed 
to  the  12  parcimeters  with  no  capability  for  expansion. 

Discussions  with  SAM  personnel  indicate  that,  as  the 
analysis  continues,  additional  parameters  will  be  identified. 
This  fiict  is  evident  from  discussions  concerning  their 
interest  in  various  real-time  preprocessing  techniques  of 
such  signals  as  el  ectrocardi  ogr;ims .  They  also  imply  that 
some  parameters  currently  recorded  might  be  omitted  in 
future  tests,  while  other  parcimeters,  such  as  body 


temperature,  might  be  collected  for  several  locations  of 
interest.  In  short,  SAM  cannot,  at  this  time,  specify  a 
complete  list  of  parameters  or  the  parameter  mix  that  will 
be  used.  It  is  therefore  impossible  to  design  a  digital 
IFl'DAS  to  a  set  of  input  parameters  wliose  number,  type 
(analog  or  iligital),  and  storage  rate  are  not,  as  yet, 
known.  Because  of  t  f.e  limitation  cjn  space,  the  requirement 
for  battery  power,  and  the  existing  level  of  MBM  technology, 
it  is  also  not  feasible  to  "over  design"  the  system  in 
ai-it  icipat  ion  of  future  needs! 

drub  1 em  Statement 

Tile  purpose  of  this  effort  was  to  design  and  simulate 
a  solid-state,  self-contained,  microprocessor-controlled 
IFPDAS.  As  MBM  technology  advances,  the  IFPDAS  should  be 
able  to  increase  its  capability  with  only  minor  hardware 
changes  and  little  or  no  software  changes.  The  objectives 
of  the  simulation  were  to  demonstrate  relationships  between 
the  parameter  characteristics  (number,  type,  and  sampling 
rate)  and  each  of  the  following: 

a.  amount  of  hardware 

b.  size  of  mass  storage 

c .  powe  r 

d.  package  volume 

For  a  given  level  of  technology,  these  relationships  allow 
tlie  realistic  determination  of  conditions  under  which  a 
solid-state  J FPDAB  could  function  successfully. 
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Because  of  time  constraints,  this  effort  was  limited 
to  the  collection  and  storage  aspects  for  the  problem  of 
physiological  response  analysis.  Within  this  guideline, 
the  following  assumptions  were  made  to  further  define  the 
scope  of  the  investigation: 

a.  sensor  outputs  correctly  represent  the  quantities 
measured 

b.  analog  signals  are  in  the  range  of  zero  to  five 
vol  t  s 

c.  digital  parameter  data  are  represented  by  an 
eight-bit  oyte 


Api)  roach 


For  analysis  the  system  was  divided  into  two  parts, 
the  controller  hardware  and  the  storage  hardware.  The  con¬ 
troller  hardware  was  defined  as  that  hardware  required  to 
collect,  manipulate,  and  store  data  at  the  correct  sampling 
rates.  The  storage  hardware  was  defined  as  that  hardware 
used  solely  for  mass  storage  or  the  control  of  mass  storage 
Note  that  by  this  definition  the  random  access  memory  (RAM) 
used  to  buffer  data  to  the  MBM ,  was  considered  as  part  of 
the  storage  hardware. 

The  first  step  was  to  define  a  controller  hardware 
configuration.  The  basic  design  constraints  were  to  pro¬ 
vide  a  path  for  the  flow  of  data  from  the  inputs  to  the 
storage  device  at  a  sufficient  rate--a 


"sufficient  rate" 


being  defined  as  that  required  to  process  and  store  at 
least  the  original  12  parameters.  The  next  step  was  to 
simulate  the  IFPDAS  controller  software  for  the  controller 
hardware  structure.  The  Rockwell  System- 65  minicomputer 
was  the  host  machine  for  this  study.  A  survey  of  available 
MBM  was  made,  and  the  interface  structure  of  the  most 
promising  was  added  to  the  simulation  program.  The  storage 
size  of  the  MBM,  as  well  as  that  of  the  RAM  buffer,  were 
provided  as  variable  inputs  to  be  set  upon  program  initiali- 
Ziition.  Different  data  storage  techniques  which  indicated 
a  good  potential  for  storage  reduction  were  examined. 

These  were  also  added  to  the  simulation  program.  Finally, 
several  simulations  were  conducted.  In  each  simulation  one 
of  the  following  was  varied: 

a.  number  of  input  parameters 

b.  sampling  rates 

c.  data  storage  methods 

d.  size  of  RAM  buffer 

e.  size  of  bubble  storage 

Sequence  o f  Presentation 

Chapter  11  is  concerned  with  system  hardware.  First, 
the  configuration  for  the  controller  hardware  is  examined. 
Next,  the  storage  hartlware  is  analyzed  in  light  of  what  is 
currently  available  and  what  should  be  available  in  the 
near  future.  Lastly,  the  simulation  hardware  is  examined 
and  compared  with  the  controller  and  storage  hardware. 
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Chapter  III  deals  with  the  simulation  software  and 
its  operation.  Storage  methods  to  reduce  the  amount  of 
data  stored  are  discussed,  along  with  accuracy  and  errors 
associated  with  each.  This  chapter  also  examines  other 
nonhardware  related  issues.  These  include  a  discussion 
of  sampling  rates  to  insure  signal  reproducibility,  methods 
of  handling  storage  error,  and  the  effect  of  sampling 
delays  due  to  multiple  simultaneous  sampling  requests. 

Results  and  recommendations  are  presented  in  Chapter  IV. 
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II  Hardware 


For  discussion  purposes,  this  chapter  is  divided  into 
three  parts:  the  controller  hardware,  the  storage  hardware, 
and  the  simulation  hardware.  The  first  section  describes 
how  and  why  the  controller  hardware  structure  was  minimized 
A  prototype  design  is  presented  using  current  state-of-the- 
art  devices.  The  subsequent  section  discusses  the  storage 
hardware,  centering  on  the  selection  of  an  appropriate  MBM. 
The  simulation  hardware  is  discussed  in  the  final  section. 

Controller  Hardware 

The  controller  hardware  was  defined  as  that  hardware 
required  to  collect,  manipulate,  and  store  the  incoming 
data.  One  characteristic  of  the  controller  hardware  was 
that  the  amount  of  hardware  required  was  not  a  direct  func¬ 
tion  of  the  number  of  input  parameters  and  mission  length, 
as  was  the  case  with  the  storage  hardware,  but  was  depen¬ 
dent  on  the  functions  that  it  performed.  In  keeping  with 
the  power  and  space  limitations  discussed  earlier,  a  defini 
tion  of  a  minimum  controller  hardware  configuration  was 
needed.  Defining  the  minimum  controller  hardware  had  the 
added  benefit  of  maximizing  the  physical  space  allotted  for 
the  MBM  storage  hardware.  In  order  to  minimize  the  con¬ 
troller  hardware,  the  functions  of  the  controller  hardware 
were  considered. 
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As  shown  in  Figure  1,  three  functions  associated  with 
the  controller  hardware  were  identified.  Interfacing  the 
system  to  both  analog  and  digital  input  signals  was  one 
function,  labeled  as  the  Channel  Interface.  Control  of  the 
interface  hardware,  manipulation  of  data  for  preprocessing 
or  storage  reduction,  and  control  of  data  flow  to  mass 
storage  were  grouped  as  the  second  function,  called  System 
Control.  The  Mission  Run  Clock  function  was  identified  to 
provide  a  continuous  time  readout  in  relation  to  the  start 
of  the  test  to  allow  the  incoming  signals  to  be  correlated 
in  time.  Having  identified  the  functions  performed  by  the 
control  hardware,  it  was  necessary  to  identify  the  hardware 
to  perfonn  those  functions.  Specific  device  reconxmenda- 
L ions ,  given  in  Table  1,  were  predicated  on  meeting  the 
functional  reciuirements  of  the  minimum  controller  with  cur¬ 
rently  available  hardware  at  minimum  power.  Because  of  its 
extremely  low  power  consumptiini  and  moderately  fast  opera¬ 
tion,  complementary  metal  oxide  semiconductor  (CMOS) 
devices  were  recommended  when  xivailable. 

The  system  reciuirements  that  came  to  bear  on  tbe 
selection  of  the  Analog  Channel  Interface  were  to  service 
at  least  the  12  original  analog  signals,  remain  near  the 
17,  error  guideline,  and  have  low  pcxwer  consumption.  The 
16-channel  AUC0817  analog  data  acquisition  chip  was 
selected  for  this  function  (Ref  4).  The  chip  contains  a 
16-to-l  analog  multiplexer,  a  successive  approximation 
analog- to-di gi tal  (A/D)  converter,  and  a  tri-state  output 
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Fig.  1.  IFPDAS  Functional  Block  Diagram 
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latch.  Multiplexing  the  analog  inputs  to  a  single  A/D 
converter,  rather  than  requring  an  A/D  converter  for  each 
signal,  reduces  cost,  power,  and  space.  Under  microcom¬ 
puter  control,  the  analog  multiplexer  can  access  any  one  of 
tile  16  single-ended  analog  channels.  The  selected  channel' 
signal  is  fed  through  the  A/D  converter  to  produce  an  eight 
bit  byte.  The  total  conversion  time  (from  start-conversion 
to  end-o f-conve rsion  flags)  is  100  microseconds,  resulting 
in  a  maximum  rate  of  10,000  conversions  per  second.  This 
is  well  beyond  the  144  samples  per  second  required  by  the 
currently  identified  parameters  (see  Table  11). 

'ihe  ADC0817  perftirms  a  linear,  ratiometric  conversion 
with  a  total  error  of  less  than  ±‘2  of  the  least  significant 
bit.  This  translates  into  a  maximiun  conversion  error  of 
less  than  0.2Z  for  an  eight-bit  byte,  which  compares  quite 
lavorably  with  the  I.Z  error  guideline.  In  line  with  the 
low  power  consumption  requi  remi'n  t ,  the  ADC0817  is  a  CMOS 
lievice  and  consumed  16  milliwatts  of  power  from  a  single 
five  volt  supply. 

The  ADC0817  does  not  contain  a  sample-and-hold  (SAH) , 
but  one  can  be  added  externally.  In  deciding  whether  or 
not  to  use  a  SAH,  it  was  necessary  to  examine  the  sampling 
error  without  the  SAH. 

In  Figure  2  the  aperture  time,  t  ,  refers  to  the  time 
uncertainty  (or  time  window)  in  making  a  measurement.  If 
the  signal  being  measured  changes  during  that  time,  an 
anqilitude  uncertainty,  or  error,  ri-sults.  It  should  be 


TABLE  II 


PARAMETER  SAMPLING  RATE 


Pa  ramu  Ler 


Sampling  Rate 
(samples  per  second) 


Inspired  I"  low  Rate . 20 

Ex II  i  red  Flow  Rate . 20 

I  i  rt.'d  Oxygen  . 20 

Pa  I'l  i  1  Pre.ss'ure 

I'l xp  i  (■(.•d  Oxygen . 2  0 

Pari  i  a  1  1'  re  ssu  I'e 

((ear  I  Rate .  8 

I'.ody  Pressure .  2 

.'•lask  Pressure . 2  0 

Oahin  Pressure .  2 

0-SuiL  l^ressure .  8 

v'erti.cal  Acceleration .  8 

l.afei'al  Acceleration .  8 

laingj  t  ud  i  na  I  Acceleration . 8 

144  Total 


IS 


=  aperture  time 


Signal,  V(t) 

L  .....  .  _  _ 

Fig.  2.  Amplitude  Unccr L a inty  and  Aperture  Time 

noted  that  at  some  point  within  the  aperture  time  the  sig¬ 
nal  amplitude  corresponds  exact,  ly  to  the  code  word  produced 
by  the  A/U  converter.  Therefore,  the  amplitude  uncertainty 
.".V ,  represents  the  maximum  errt)r  due  to  signal  change.  For 
the  maximum  rate  of  change  identified  in  the  current  list 
of  parameters  (Ref  3:10),  the  maximum  amplitude  uncertainty 
corresponds  to  an  error  of  less  than  87,  of  the  least  signif 
cant  bit.  Therefore,  the  possible  accuracy  improvement  is 
insignificant  and  the  SAM  is  not  required. 

Tlie  Uigitai  Channel  Interface  requires  an  eight-bit 
port  fcjr  each  digital  input,  capable  of  handshaking  with 


both  the  system  controller  and  the  data  source.  After  each 
data  collection  mission,  these  ports  could  be  programmed 
to  dump  the  contents  of  MBM  to  a  mass  storage  device  such 
as  digital  tape,  or,  via  a  modem,  transmit  the  data  to  the 
main  computer  for  immediate  analysis.  Device  selection  was 
based  mainly  on  power  consumption.  The  CDP1851  contains 
two  progrcimmable  digital  ports,  with  handshaking  control 
lines  for  each.  The  device  requires  a  single  five-volt 
supply  and  consumes  approximately  7.5  milliwatts  of  power 
(Ref  5:97-111) . 

The  System  Control  tasks  were  grouped  for  a  microcom- 
piiter  realizati.on.  The  microcomputer  selected  was  the 
Rockwell  R6502.  The  selection  was  based  upon  four  system 
development  needs.  The  first  was  to  have  a  microcomputer 
whicli  was  fast  enougli  for  current  and  near-term  system 
tea  1 izat ions  but  could,  with  little  or  no  design  changes, 
meet  future  needs.  Experimentally,  the  maximum  sampling 
rate  was  2380  samples  per  second  for  a  single  analog  chan¬ 
nel  and  129  samples  per  second  for  each  of  16  analog  chan¬ 
nels  (total  samples  per  second  of  2064).  Tlie  R6502  speci¬ 
fied  in  Table  I  is  a  one-megahertz  microcomputer  capable 
of  meeting  foreseeable  mission  requirements.  However,  with 
little  or  no  redesign,  the  two-rnegahertz  version  could  be 
used  to  increase  system  response.  Next,  the  microcomputer 
must  liave  file-oriented  instructions.  While  the  R6502 
microcomputer  is  not  specifically  f i le- or ien ted ,  it  does 
have  a  straightforward  instruction  set  with  several 
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addressing  modes,  which  make  data  file  manipulations  rela¬ 
tively  easy.  Most  important,  the  R6502  has  a  microcomputer 
development  system  geared  toward  development  of  MBM  systems. 
This  development  system  (called  the  Rockwell  System-61j) 
was  used  for  software  simulation  and  is  discussed  later  in 
Lhis  chapter.  Although  CMOS  microcomputers  such  as  the 
CPD1851  were  available,  none  liad  the  system  development  sup¬ 
port  hardware  and  software  required  for  IFPDAS  development. 
The  R6502  consumes  2b0  milliwatts  versus  7.5  milliwatts  for 
the  CPD1851. 

The  8Kx8  erasable,  programmable,  read-only-memory 
(bPROM)  (Ref  6)  specified  in  Table  I  allows  for  the  exist¬ 
ing  simulation  program  (approximately  4.5K),  plus  room  for 
future  preprocessing  subroutines,  without  need  for  redesign. 
Because  it  is  erasable  and  field  programmable,  initial 
development  costs,  as  well  as  future  software  modification 
costs,  will  be  minimized. 

The  Mission  Run  Clock  function  requires  a  programmable 
16-bit  counter  to  divide  the  one-megaliertz  system  clock 
down  to  the  basic  sampling  interval  rate.  The  Mission  Run 
Clock  then  counts  the  number  of  basic  sampling  intervals 
during  the  four-hour  mission.  Twenty-four  bits  are 
required  for  a  one-millisecond  sampling  interval.  The  Mis¬ 
sion  Run  Clock  can  be  realized  in  software  or  (if  available) 
in  hardware.  Low  power  consumption  was  the  primary  selec¬ 
tion  criterion  for  the  programmable  counters.  However,  at 
lie  time  of  this  writing,  no  appropriate  CMOS  devices  are 
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available.  The  M6840  NMOS  device  with  three  programmable 
counters  was  selected  (Ref  7). 

S  toraRc  Hardware 

The  actual  size  of  bubble  storage  required  depended 
on  several  variables; 

a.  number  of  input  parameters 

b.  sampling  rates 

c.  storage  reduction  methods  used 

d.  cimount  of  storage  overhead  required 

e.  missi(.)n  length 

As  discussed  in  Chapter  1,  the  number,  rate,  and  type  of 
input  parameters  have  not  been  determined.  Therefore,  one 
simulation  objective  V\»as  to  realistically  determine  the 
amount  of  liardware  required  for  a  given  set  of  the  above 
variables.  The  first  step  toward  simulating  the  storage 
hardware  was  to  determine  its  structure  by  examining  the 
functions  it  performed. 

The  storage  hardware  realized  three  functions  (see 
Figure  1) ;  the  RAM  buffer  memory,  the  bubble  controller, 
and  the  MBM  with  its  associated  drive  circuitry.  The  RAM 
buffer  memory  was  required  for  two  reasons.  It  allowed 
data  from  a  particular  channel  (analog  or  digital)  to  be 
grouped  in  a  predefined  block  size.  Each  block  was  then 
Iribeled  with,  among  other  information,  the  channel  number. 
This  reduced  the  amount  of  MBM  storage  overhead  by  elimin- 
at  ing  the  need  to  channel  tag  each  piece  of  data.  The  RAM 
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buffer  memory  also  allowed  the  bubble  memory  to  be  com¬ 
pletely  powered  down  when  not  used,  thereby  reducing  the 
total  power  required  by  the  storage  hardware. 

RAM  Buffer  Sizing .  In  selecting  the  RAM  buffer 
required,  se'^eral  conflicting  criteria  were  considered: 

a.  minimization  of  total  power  for  RAM  buffer  and 
MBM 

b.  IFPDAS  software  data  structure  requirements 

c.  reduction  of  percentage  of  block  header  overhead 

d.  reduction  of  block  manipulations  due  to  sampling 
errors 

e.  packaging  requirements 

'io  address  the  first  criterion,  a  test  was  conducted  which 
simulated  the  effect  of  powering  the  MBM  down  when  not  in 
use.  The  objective  was  to  determine  the  relationship 
between  the  amount  of  RAM  buffer  and  the  total  power 
required  by  the  storage  hardware  (RAM  buffer  and  MBM).  A 
single  channel  was  Siimpled  at  l‘j6  samples  per  second, 
whicli  was  slightly  above  the  total  rate  specified  for  the 
original  Id  par^mieters.  The  program  halted  after  a  y^re- 
defined  number  of  channel  blocks  were  written  to  the  Rock¬ 
well  MBM.  The  percent  of  time  the  MBM  was  powered  up  was 
recorded  fur  RAM  buffer  sizes  from  IK  to  bK  in  increments 
of  IK.  A  variation  of  the  test  was  also  run  to  deteimine 
(he  effect  of  sampling  multiple  chcinneis.  For  this  test. 
Id  channels  were  Scimpled,  but  the  total  sampling  rate  for 
the  channels  was  kept  at  156  samples  per  second.  In  all 
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the  percent  of  Lime  the  we^)  on  wa;;  constant  at 


approximately  1.7/!!.  Consequently,  at  slow  s.im]jling  rates 
typical  for  the  IFPDAS,  the  percent  of  MBM  "em"  time  was 
independent  of  the  amount  of  !C/\M  buffer  meme)ry.  I'lierefore, 
to  minimize  tlie  total  storage  hardware  power  required  that 
only  the  1C\M  buffer  [tower  be  minimized. 

At  program  initialization  each  active  channel  was 
allocated  a  black  of  RAM  buftfr,  witere  each  block  was  of 
equal  size.  When  a  particular  channel's  block  was  full,  a 
new  block  of  RAM  buffer  was  allocated  and  the  full  block 
was  so  flagged.  This  sequence  required  that  the  RAM  buffer 
contain  at  least  one  more  block  of  data  than  active  chan¬ 
nels.  Since  all  channels  may  be  active,  the  RAM  buffer  must 
have  at  least  21  blocks  of  data;  16  analog  channels,  four 
digital  channels,  and  one  extra.  If  the  RAM  only  contained 
one  more  block  than  the  number  of  active  channels,  the  MBM 
was  required  to  be  on  continuously. 

The  overhead  associated  with  each  block  of  data  con¬ 
sisted  of  the  block  header.  The  header  was  made  up  of  the 
channel  identification  (1  byte),  the  block  start  time  (2 
bytes),  and  tl^e  first  value  (1  byte),  making  the  block 
header  four  bytes  long.  To  keep  the  MBM  overhead  to  5Z  or 
less,  the  blocks  must  be  at  least  82  bytes  long,  requiring 
the  21  block  RAM  buffer  to  be  at  least  1722  bytes  long. 

The  term  "range  error,"  sometimes  referred  to  as 
"slope  overload,"  describes  the  inability  to  represent 
difference  values  by  a  specified  (reduced)  number  of  bits. 
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(The  reasons  for  saving  difference  values  instead  of  the 
values  themselves  are  discussed  in  Chapter  III.)  When  a 
range  error  occurs,  the  remaining  data  in  the  block  in  which 
the  range  error  occurred  will  be  incorrect  and  must  be  cor¬ 
rected  in  some  manner.  Obviously,  the  smaller  the  block 
size,  the  less  correction,  on  the  average,  must  be  done  to 
correct  for  the  range  error  occurrence.  (Methods  of 
handling  range  errors  are  also  discussed  in  Chapter  III.) 

The  most  important  criterion  for  RAM  buffer  size  selec¬ 
tion  was  the  IFPDAS  packaging  requirement,  which  dictates 
high  density,  low  power  devices.  The  amount  of  RAM  neces¬ 
sary  for  at  least  21  blocks  of  buffer,  plus  that  required 
for  IFPDAS  software,  was  slightly  over  2K  of  RAM.  Table  I 
specifies  two  HM61i6  Static  CMOS  RAM  chips.  These  2Kx8 
chips  have  the  highest  density  at  the  lowest  power  currently 
available.  The  extra  memory  will  allow  for  future  prepro¬ 
cessing  capabilities,  as  well  as  allowing  the  block  size 
to  be  adjustetl  according  to  mission  needs. 

Magnetic  Bubble  Memory .  There  were  three  MBM  devices 
availal)le  to  choose  from  for  a  near-tenn  IFPDAS  realization. 
'I'he  Texas  Instruments  96-kilobit  MBM  w;is  eliminated  because 
of  its  low  package  density  and  lack  of  support  hardware. 

The  Rockwel 1  256-kilobit  MBM  (used  in  the  simulation  hard¬ 
ware)  was  also  eliminated.  Its  relatively  low  package 
density,  as  well  as  lack  of  special-purpose  l.Sl  control 
chips,  precluded  meeting  the  power  and  volume  requirements 
(Refs  8  and  9).  The  Intel  Magnetics  one-megabit  MBM  and 


its  support  electronics  was  chosen  as  the  most  promising 
for  a  near-term  IFPDAS  realization  (Ref  10).  The  most 
appealing  aspects  of  the  Intel  bubble  were  its  relatively 
high  package  density  and  special-purpose  support  elec¬ 
tronics,  both  of  which  greatly  reduced  the  physical  space 
and  power  required  by  the  storage  hardware.  The  support 
electronics  consisted  of  a  bubble  memory  controller  chip 
capable  of  controlling  eight  bubble  memory  devices,  and 
five  other  chips  which  supply  the  drive  and  timing  signals 
to  the  bubble  device.  To  provide  the  capability  to  test 
higher  density  devices,  while  keeping  the  results  tied  to 
a  currenLly  available  device,  only  the  structure  of  the 
Intel  bubble  was  simulated.  The  cimount  of  bubble  memory, 
as  Well  as  RAM  buffer  memory,  were  varied  in  the  simulation 
1 rom  run- to- run. 

Using  the  sampling  rates  shown  in  Table  11,  the  amount 
ut  MBM  required  was  2,071,600  eight-bit  bytes  for  a  four- 
Iniur  mission.  The  Delta  Continuous  Storage  Method  (dis¬ 
cussed  i.t>  Chai)Ler  III)  reduced  by  half  the  amount  of  storage 
rec|uired.  (Tlie  other  techniques  discussed  in  Chapter  ill 
had  greater  ()otential  for  diita  reduction,  but  only  tlii  s 
storage  technique  guaranteed  a  reduction  by  lialf.)  This 
implied  that  at  least  1,016,800  eight-bit  bytes  were 
required  to  insure  sufficient  storage  for  a  four-hour  mis- 
s  ion . 

For  a  near-term  realization,  eiglit  Intel  MBM  devices, 
providing  1,0'')8,576  eight-bit  bytes,  are  required.  Figure  3 
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Fig.  3.  IFPDAS  Layout--One-half  Scale 


is  a  one-half  scale  drawing  of  Che  proposed  IFPDAS  layout. 
Because  of  the  obvious  crowded  conditions,  the  IFPDAS  power 
would  be  supplied  by  another  module.  The  crowded  condi¬ 
tions  make  routing  of  the  address,  data,  and  control  busses 
difficult,  necessitating  the  use  of  multilayered  printed- 
circuit  boards.  Also,  the  existing  Intel  printed-circuit 
board  is  too  large  and  requires  a  redesign. 

It  is  evident  from  the  above  discussion  that  the  capa¬ 
bility  of  the  IFPDAS  is  limited  by  the  density  of  the  MBM 
currently  obtainable.  Recent:  experimental  and  theoretical 
results  by  Bell  Labs  (Ref  11)  promise  a  quadrupling  of  the 
storage  density  at  a  bit  rate  per  device  of  one  million 
bits  per  second  or  greater,  as  compared  to  the  50-100 
thousand  bits  per  secoitd  of  existing  devices.  Bubble  move¬ 
ment  was  derived  from  patternei!  conducting  sheets  instead 
of  (jrt  hogonal  field  coi  ls.  This  had  Lite  added  benefits  of 
reducing  the  power  required  by  the  MBM  device,  simplifying 
the  control  circuitry,  and  further  reducing  the  physical 
sf^ace  requiretl.  Alsu,  the  device  required  a  single  five- 
volt  source  rather  than  the  five-  and  twelve-volt  sources 
currently  reciuired.  This  woulil  eliminate  the  need  for 
multiple  power  sources  in  the  IFPDAS. 

S  i  tnu  1  a  t  i  (-)n  Hardwa  re 

The  cjbjective  of  the  simulation  hardware  was  to  dupli¬ 
cate  both  the  control  hardware  and  the  storage  hardware 


structures  as  closely  as  possible  to  simulate  IFPDAS 


operatiuns.  The  simulation  hardware  was  chosen  to  meet 
structural  and  functional  requirements  and  to  be  readily 
available.  The  remainder  of  this  section  discusses  the 
specific  hardware  used  for  the  simulation.  The  intercon¬ 
nections  of  the  simulation  hardware  are  shown  via  the  block 
diagram  in  Figure  4. 

Ruckwe 1 1  System-65 .  The  heart  of  the  simulation  hard¬ 
ware  was  the  Rockwell  System-65  minicomputer  (Ref  12).  It 
performed  the  System  Control  function  of  the  controller 
hardware.  The  System-65 's  MBM  subsystem  (Ref  13)  also 
enabled  it  to  perfonn  all  functions  associated  with  the 
storage  hardware.  The  MBM  subsystem  consists  of  a  MBM  con- 
tri.>Ller  board  and  up  to  16  MBM  boards  (two  MBM  boards  were 
used  in  the  simulation).  Racli  MBM  board  has  four  256- 
kilobit  devices  along  witlt  drive  circuitry.  The  structure 
of  tile  SysLem-65  matched  the  structure  chosen  for  the 
minimum  configuration  LFFDAS. 

The  SysLem-65  was  specifically  designed  to  aid  in  the 
(.leve  1  opment  oJ  mi  crocoin[)uter  softwiii'c  systems.  Its  deveKip- 
riK’nt  supiuirt  includes; 

a.  a  ROM  resident  interactive  system  monitor 

b.  a  ROM  resident  assembly  language  compiler 

c.  a  ROM  resident  debut  routine 

d.  a  higher  order  language  compiler  (PL-65) 

e.  two  mini- floppy  disks  and  support  S(jftware 

f.  hardware  in-circuit  emulator 
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are  Block  Diagram 


g.  an  liPROM  prograiiuner 

h.  parallel  and  serial  lenninal  support  from  110  to 
9600  baud 

L'he  siiimJaLii)!!  software  develi^ped  on  the  System- 65  could 
be  easily  transitioned  to  a  l\6502  microcomputer-based  IFPDAS 
pi'otoiype.  I'bis,  along  witli  its  exisLing  MBM  capability, 
made  Lbe  SysLeni-65  itleally  suited  as  the  simulation  host 
maeb i ne . 

Ac(|u  j  s  i  t  i  on  Hardware  l^iajal.  The  remaining  ^unc- 
t  ions  ,  analog  and  digital  channel  interface  and  tlie  Mission 
Run  Clock,  Were  simulated  on  a  data  acquisition  hardware 
board.  Wltile  the  board  was  functionally  equivalent  to  that 
specified  for  the  minimum  configuration  IFPDAS  hardware,  it 
contained  S(.)me  nontussential  hardware.  See  Appendix  B  for 
details  of  tile  Data  Acquisition  Hardware  board. 

The  analog  channel  interface  function  was  performed  by 
two  AU-i.)in  cliips;  the  ADC0817  tlata  acquisition  chip 
described  earlier  foi'  the  IFPDAS  prototype,  and  the  R6522 
Versatile  Interface  Adaptor  (VIA)  (Kef  lA;  Sec  6).  The 
Kbbdd  VIA  has  two  lie  r  i  pile  r<i  1  ports,  each  with  two  control 
lines,  wliicli  provided  an  interface  between  tlie  System-65 
and  the  ADC08I7  data  aci|u  i  s  i  L  i  on  chip. 

The  K6527  VIA  also  lias  I  v^/o  indeijeiident  16-bit  inter¬ 
val  t  imer.s  which  were-  useil  to  piovitle  programmable  Mission 
tUin  Clocic.  i'he  first  tinuo'  was  programmed  to  provide  a 
pulse  at  t  lu’  basic  s.im|)ling  interval,  while  the  second 
t  inter  counted  tlie  muiiber  (if  pulses  to  providi.‘  lb  bits  of 
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Lhu  24  bits  required  tor  the  Mission  Run  Clock.  The  remain¬ 
ing  eight  bits  were  realized  by  incrementing  a  memory  loca¬ 
tion  whenever  the  Mis.sion  Run  Clock  counter  overflowed. 

Tile  Rbi22  VIA  also  contains  a  serial  input/output  eight-bit 
sliift  register  whiclt  might  be  useful  during  IFPDAS  proto- 
tyi)  ing. 

Two  digital  channels  were  provided  by  the  .MC6820 
Peripheral  Interface  Adaptor  (iHA).  Botli  of  the  PIA's 
[>arallel  port.s  liave  p r'og r ammab  1  e  control  lines  for  hand¬ 
shaking  with  the  external  device  as  well  as  an  interrupt 
signal  to  the  microc.'omputer .  Tlie  System-613  has  two  addi- 
f  ioucil  digital  ports  which  could  be  used  fur  simulation-- 
t  he  st.-rial  ptirt  to  whicli  the  system  terminal  is  attached, 

.,ind  the  paralk.'l  pi.'inl.er  port  (Kef  12);  however,  neither 
was  used. 

The  data  at;quisii  ion  hardw.ire  l)()iird  also  liiis  a  M6840. 
I'he  MnS'tO  coni. aims  three  indeiiendent  16-bit,  programmable 
inic'tval  tiiiie'is.  'I'h  i  chip  w.is  added  as  a  tool  for  simula- 
I  I  on  . 
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Ill  Software 


This  chapter  deals  with  the  IFPDAS  controller  simula¬ 
tion  software.  First,  the  simulation  software  design  is 
discussed  and  a  detiiiled  descri|)Lion  given.  Next,  an 
analysis  of  tile  sampling  rate  to  insure*  signal  reproduci- 
hi  lity,  to  1  liiwed  by  a  discussion  of  the  data  reeluction 
storage  methods  used,  is  given.  Lastly,  the  analog  sampling 
delays  duo  to  simultaneous  request  and  the  possible  Stimpling 
jitter  they  cause  are  considered.  The  worst-case  jitter  is 
closely  examined  ami  a  method  to  reduce  the  occurrence  of 
jitter  is  presented. 

I )_e s  ign  Mj^tJ lod 

The  simulation  software  was  designed  in  a  top-down 
(sometimes  called  structured  programming)  manner.  Myers 
defined  structured  programming  as  "the  attitude  of  writing 
code  witli  Llie  intent  of  communicating  with  people  instead 
of  machines"  (Ref  15:1150).  While  he  did  not  give  a  more 
jMecise  definition,  he  did  dofine  five  "acceptable"  [>rt)- 
grammiiig  const  l  ucts  which  pioduce  reatlable  code.  These 
live  construct;;,  shown  in  Figure  5,  were  usetl  extensively 
in  tho  soft.wiire  de.sig.i).  Other  structured  p  rtjgrammi  ng,  "do's" 
,ind  "don't  s"  I  hat  wc*!*.-  used  as  design  guidelines  are  as 


a.  software  modules  performed  a  single  function 

b.  module  independence  was  maximized 

c.  module  coupling  was  minimized 

d.  module  size  was  small 

e.  modules  were  predictable  (liad  no  memory  of  pre¬ 
vious  calls  that  modific-d  tlie  execution) 

tlertain  guidelines  of  "pure"  sMuctura'd  programming  were, 
however,  violated.  Specifically,  because  of  the  real-time 
aspects  of  manipulating  certain  array  Vciriables,  the  use 
oJ  global  array  variables  was  necessary  for  those  cases. 

The  use  of  global  variables  resulted  in  some  data  handling 
subroutines  being,  t  (j  a  large  d.egree,  dependent  on  the  data 
structure  chosen,  another  violation  of  "pure"  structured 
() rajgrammi ng  practices.  In  both  cases,  the  degree  of  pro¬ 
gram  ccjmplexify  and  obscurity  was  significantly  reduced, 
anil  it  was  determined  that  this  departure  from  the  struc¬ 
tured  programming  approaih  was  warranted. 

b o  I' t  wa  r  e  be  s  i  g^n 

the  sot (ware  was  designed  in  two  parts:  the  preflight 
.iiul  postflight  softwan-,  and  the  real-time  mission  run 
software.  'I’he  preflighl  software  allowed  the  operator  to 
initialize  the  particular  mission  sceTiario  for: 

a.  signal  ])arameter  characteristics 

b.  basic  samjjling  interval 

c . 


RAM  buffer  s i z  e 


d.  MBM  size 


e.  mission  end  time 

The  postflight  software  allowed  the  contents  of  the  MBM  to 
be  dumped  in  a  graphic  format  to  a  specified  device/port. 
For  both  preflight  and  postflight  software,  existing 
System-65  input/output  routines  were  used  as  required, 
rhis  allowed  more  attention  to  be  focused  on  the  mission 
run  so  I’ L  ware. 

Tile  mission  run  software  duplicated,  as  closely  as 
[lossible,  the  real-time  operation  of  the  minimum  configura¬ 
tion  LFFDAS.  Exact  duplication  was  not  possible  due  to 
simulation  overhead  calculations  such  as  the  amount  of 
Lime  tlie  bubble  was  powered  up/down.  The  simulation  over¬ 
head  was  kept  to  a  minimum  and  did  not  appreciably  affect 
system  performance.  The  program  listing  is  given  in  Appen¬ 
dix  A. 

So  ft ware  Uescript ion 

Tile  mission  run  software  was  designed  using  the  inter¬ 
rupt  capability  of  the  R6502  microcomputer.  When  an  inter¬ 
rupt  request  (IRQ)  signal  was  detected  by  the  microcomputer 
the  Main  program  was  halted  and  the  interrupt  handler 
polled  the  possible  requesting  devices  in  the  order  given: 

a.  Mission’  'Run  Cite) ck -overflow-  --  -  •  - - - - - 

b.  Basic  System  Clock  timeout 

c.  A/D  conversion  ct)mplete 


The  order  in  which  the  requesting  devices  were  polled  dic¬ 
tated  the  relative  priority  of  each  device.  This  interrupt 
polling  method  was  chosen  over  a  hardware-vectored  inter¬ 
rupt  method  to  keep  the  control  hardware  minimized.  With 
the  relatively  slow  sampling  rates  of  the  original  12  param¬ 
eters,  the  interrupt  polling  method  proved  more  than  ade- 
( j  Lia  f-  e  . 

The  Main  Program .  The  Main  program  continually  moni¬ 
tored  tile  status  of  the  RAM  and  MBM.  When  it  was  determined 
that  the  available  RAM  buffer  memory  was  at  or  below  a  pre- 
li'jfined  level  (usually  2QZ)  ,  the  Main  program  powered  up 
the  MBit  and  evoked  a  subroutine  to  flush  the  data  from  RAM 
buffer  to  the  MBM.  All  full  blocks  associated  with  the 
fastt!St  channel  were  flushed  and  the  pointers  were  updated 
before  the  next- fastest  channel  was  considered.  When  a 
particular  block  of,  .RAM  buffer  was  flushed,  it  was  returned 
to  a  stack  of  available  memory  for  subsequent  use.  When 
all  active  channels  had  been  flushed  to  the  MBM,  the  Main 
program  again  checked  the  amount  of  available  RAM  buffer 
memory  before  powering  down  the  MBM  and  starting  the 
sequence  again.  Powering  up  and  down  of  the  MBM  was  simu¬ 
lated  because  that  feature  was  not  available  on  the 
System -65. 

Basic  System  Clock  Interrupt .  The  Basic  System  Clock 
was  a  16-bit  programmable  timer  which  provided  the  basic, 
elemental  time  increments.  Each  channel's  sami)ling  inter- 
v<il  could  then  be  programmed  as  an  integer  multiple  (  1-255) 
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of  this  basic  time  increment.  The  input  to  the  Basic  Sys¬ 
tem  Clock  was  the  one-megahertic  microcomputer  clock. 

An  interrupt  occurred  each  time  the  Basic  System  Clock 
counted  the  predefined  number  of  one-megahertz  pulses.  The 
interrupt  handler  then  checked  each  channel  (fastest  chan¬ 
nels  first)  to  see  which  should  be  sajiipled.  When  it  was 
determined  that  a  channel  should  be  sampled,  the  A/D  con¬ 
version  was  initiated,  and  the  mission  run  time  for  that 
sample  was  saved.  If  the  A/D  converter  was  busy,  a  flag 
was  set  to  indicate  the  channel  needed  to  be  sampled.  When 
all  channels  were  checked,  program  control  was  returned  to 
the  Main  program. 

Miss  ion  Run  Clock  Interrupt .  The  purpose  of  the  Mis¬ 
sion  Run  Clock  was  to  provide  a  count  of  the  number  of  ele¬ 
mental  time  increments  throughout  the  entire  mission.  For 
this  simulation,  the  Mission  Run  Clock  was  realized  as  a 
L6-biL  hardware  counter  and  a  memory  location  to  store  the 
number  of  clock  overflows.  This  resultc^d  in  a  24-bit  Mis¬ 
sion  Run  Clock. 

An  interrupt  was  generated  when  the  16-bit  hardware 
counter  overflowed.  The  Mission  Run  Clock  handler  then 
incremented  the  overflow  memory  location  and  checked  to  see 
if  the  alloweil  simulation  time  had  elapsed.  11  the  allowed 
simulaLion  Lime  had  elapsed,  the  simulation  was  halted; 
oi herwise  program  control  was  returned  to  the  Main  program. 

A/^D  Centers  j  on  Comp  1  ete  1  nterrupt  .  An  interrupt  was 
generated  by  the  A/D  cotiverter  upon  conversion  completion. 
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The  End-of-Conversion  handler  first  saved  the  value  just 
converted  and  then  checked  to  see  if  any  other  channels 
(starting  with  the  fastest)  were  flagged  as  needing  to  be 
s;impled.  If  a  channel  was  so  flagged,  conversion  for  that 
channel  was  initiated  and  its  flag  cleared.  The  handler 
then  dL'temiined,  according  to  the  particular  storage 
method,  if  the  converted  value  just  saved  should  be  kept. 

If  the  data  was  to  be  kept,  it  was  formated  as  dictated  by 
the  storage  method  for  that  channel,  and  placed  in  a  block 
of  kAM  buffer  designated  for  that  channel.  If  the  place¬ 
ment  of  the  data  filled  tlie  block,  then  anotlter  block  was 
allocated  from  the  list  of  available  RAM  buffer  memory,  and 
channel  header  information  written  on  the  block.  Control 
was  then  returned  to  the  Main  program. 

Channe  I  Serv ice  Request  Interrupt .  The  channel 
service  request  provided  an  alternate  means  for  sampling 
data.  Instead  of  sampling  ’’e  data  at  predefined  intervals, 
the  channel  was  only  sampled  upon  request.  This  method  was 
used  exclusively  for  the  digital  cliannels  during  the  simu¬ 
lation,  but  could  be  used  for  analog  channels.  Likewise, 
the  digital  cliannels  could  be  automatically  sampled  at  pre¬ 
defined  intervals,  as  was  done  with  tlie  analog  channels. 

The  storage  method  used  for  a  channel  service  recjuest 
was  the  continuous  method;  however,  variations  of  any  of 
the  storage  methods  discussed  later  in  this  chapter  could 
be  used  under  appropriate  conditions. 
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Channel  Sampling 

This  section  deals  with  several  aspects  of  channel 
sampling.  First,  the  sampling  rate  to  insure  signal  repro¬ 
duction  is  discussed.  The  storage  methods  used  in  the  simu¬ 
lation  are  then  described.  Lastly,  the  three  storage  reduc¬ 
tion  methods  are  compared  to  the  Continuous  Storage  Method, 
and  the  benefits  and  drawbacks  of  each  are  examined. 

Signal  Keproduc  t  i on  .  The  Shannon  Sampling'  Theorem 
defines  the  s^lmpling  rate  that  assures  the  complete 
recovery  of  a  band-limited  slg^nal  (after  appropriate  filter¬ 
ing).  This  theorem  can  be  stated  as  follows: 

If  a  continuous,  band- limited  signal  contains  no  fre¬ 
quency  components  higher  than  f(.,  then  the  original 
signal  can  be  recovered  without  distortion  if  it  is 
sampled  at  a  rate  of  at  least  2f  siimples  per  second. 
(Ref  16)  ^ 

This  concept  is  illustrated  in  Figure  6.  The  frequency 

spectriun  of  the  signal  being  siimi)led  is  repeated  at  tlie 

sampling’  frequency. 

I [  the  sampling  frequency,  f^,  is  at  least  twice  the 
signal's  cutoff  frequency,  no  "frequency  folding"  occurs, 
in  reproducing  the  original  signal,  frequency  folding 
causes  distortion.  The  effect  of  an  inadequate  sampling 
rate  produces  a  phenomena  called  aliasing,  in  which  the 
signal  appears  to  vary  at  a  much  slower  frequency  (called 
the  alias  frequency).  This  effect  is  shown  in  Figure  7  for 
a  sinusoidal  input. 

As  indicated  in  Figure  6,  recreation  of  the  original 
signal  required  an  ideal  low-pass  filter,  a  mathematical 
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Fig.  6.  Frequency  Spectra  Demonstrating  the 
Shannon  Sampling  Theorem 

lietion.  However,  the  error  from  a  realizable  low-pass 
1  liter  can  be  made  arbitrarily  small  by  increasing  the 
order  of  the  filter.  In  practice,  however,  aliasing  is 
retiuced  by  increasing  the  sami)ling  freciuency,  f ^ .  A  rule 
ol  thumb  is  to  sample  six  to  eight  times  the  signal's 
highest  frecjuency  component. 

Desc  t  ipt  1  on  o  F  Storage  Metliuds  .  Each  storage  method 
presented  in  this  section  had  its  own  strong  and  weak 
points.  Each  parameter  input  slu)uld  be  examined  and  matched 
to  the  apprcjpriate  storage  method  according  to  the  guide¬ 
lines  presented. 
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ACTUAL  SIGNAL 


Fig.  7.  Aliasing  Caused  by  an  Inadequate 
Sampling  Rate 

Five  storage  methods  were  suggested  by  Hill  to  reduce 
the  storage  required  (Ref  3:15-20,51-60).  Of  those,  the 
continuous  and  variable  change  methods  were  judged  both 
feasible  and  within  the  IZ  error  guideline.  A  variation 
of  each  method.  Delta  Continuous  and  Modified  Variable 
Change,  is  also  presented  in  the  following  discussion. 

Continuous  Storage  Method.  The  Continuous  Storage 
Method  (CSM)  saved  the  data  value  for  each  sample  taken. 
Because  each  sample  was  stored,  and  the  time  between  samples 
was  known,  there  was  no  need  to  time  tag  the  individual 
samples.  This  method  added  no  additional  error  above  that 
(jf  the  A/D  converter  aione  (less  than  0.2Z)  and  had  the 


smallest  overall  error  of  the  methods  examined.  Although 
this  method  had  the  highest  accuracy  of  the  methods 
examined,  it  also  lacked  potential  for  storage  reduction. 
Table  III  shows  the  storage  required  for  a  four-hour  mis¬ 
sion.  The  CSM  should  be  used  for  signals  which  require 
maximum  accuracy. 


TABLE  III 

FOUR- HOUR  STORAGE  REQUIRED  FOR  CONTINUOUS 
STORAGE  METHOD 


Samples  per  Second 

Storage  Required 
(eight-bit  bytes) 

20 

288,000 

8 

115,200 

A 

57,600 

2 

28,800 

Delta  Continuous  S torage  Method .  The  Delta  Continuous 
Storage  Method  (DCSM)  differed  from  the  CSM  in  that  the 
sign  plus  two's  complement  difference  between  the  current 
value  and  the  previously  stored  value,  rather  than  the 
eurrent  value  itself,  was  stored.  The  difference  was  repre¬ 
sented  in  a  four-bit,  sign  plus  two's  complement  format, 
as  shown  in  Figure  8.  This  method  reduced  the  storage  to 
half  that  required  by  the  continuous  method.  This  storage 
reduction  was  not  without  cost.  Storing  the  difference, 
rather  than  the  value,  required  the  difference  be  in  the 
range  of  possible  four-bit,  sign  plus  two's  complement 
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'  SIGN  PLUS  TWO'S  COMPLEMENT 
DIFFERENCE  FOR  DATA  n 


SIGN  PLUS  TWO'S  COMPLEMENT 
DIFFERENCE  FOR  DATA  (n+1) 

Fig.  8.  Delta  Continuous  Storage  Method  Format 

numbers  (-8  to  +7) .  A  difference  value  larger  than  this 
resulted  in  a  range  error  and  caused  the  subsequent  data 
within  a  block  of  data  to  be  incorrect.  (By  storing  the 
first  value  in  Llie  block  header,  the  rippling  effect  was 
limited  to  a  single  t)lock  and  did  not  carry  over  to  the 
next  block.)  The  accuracy  associated  with  this  method 
depended  on  the  value  chosen  as  the  minimum  reportable 
.iiiiount  of  change,  C.  The  current  difference  value,  D^,  was 
ealculaied  to  the  nearest  whole  number  as 

D  ^  (last  v^ilue  saveti)  -  (tin’s  value) 

n  - a - 


where 

(this  value) 


value  just  obtained 
conversion 


C  X  D 


n-  1 


from  A/D 


A1 


(last  value  saved) 


At  a  given  sampling  rate,  a  larger  C  value  reduced  the 
amount  of  storage  required  and  reduced  the  probability  of 
having  a  range  error,  but  did  so  at  the  expense  of  accuracy, 
'rable  IV  shows  the  relationship  between  a  given  C  value  and 
the  maximum  error  possible  due  to  A/D  conversion  and  storage 
for  this  and  the  remaining  methods  used. 


TABLE  IV 

RELATION  BETWEEN  MINIMUM  REPORTABLE  CHANGE 
AND  THE  ERROR  ASSOCIATED 


Minimum  Reportable 

Change,  C 

Maximum  Error  Due  to  A/D 
Conversion  and  Storage 

I 

0.7% 

2 

1.17% 

3 

1.56% 

4 

1.95% 

5 

2.34% 

Variable  Change  S torage  Method .  The  Variable  Change 
Storage  Method  (VCSM) ,  like  the  DCSM,  stored  the  difference 
between  the  current  value  and  the  previously  stored  value, 
rather  than  the  value  itself.  The  accuracy  associated  with 
the  VCSM  also  depended  on  the  C  value  selected,  and  is 
shown  in  Table  IV.  The  VCSM  stored  data  only  when  the  cur¬ 
rent  value  differed  from  the  previously  stored  value  by  at 
least  C.  This  required  each  difference  value  to  be  time 
tagged  with  the  number  of  elapsed  sampling  intervals  since 
the  previously  stored  sample.  Figure  9  shows  the  format 


42 


ELAPSED  TIME  INTERVALS  FOR  DATA  n 


MAGNITUDE  OF  CHANGE  MAGNITUDE  OF  CHANGE  FOR 
FOR  DATA  n  DATA  (n+1) 

'  I  '  . r  1  r . 1 - [ - 1 

.  I 


ELAPSED  TLME  INTERVALS  FOR  DATA  (n+1) 


SIGN  FOR  DATA  (n+1) 


Fig.  9.  Varicible  Chungu  Storage  Method  Format 

uiied  for  the  VCSM,  If  the  input  signal  did  not  change  by 
at  Jeast  C  before  the  time  tag  overflowed  (128  sampling 
intervals),  a  "no  change"  value  was  saved.  Tlierefore,  the 
t  itne  correlation  from  sample  to  sample  was  maintained, 
fable  V  represents  the  storage  required  i'or  different 
sampling  rates  in  terms  of  the  maxinuini  and  minimum  number 
i)f  eight-bit  bytes  required.  Tlie  numbers  represent  the  data 
generated  by  one  input  sigtiiil  during  a  four-hour  mission. 

The  !i\aximum  storage  was  required  when  every  sample  taken 

h  i 


TABLE  V 


FOUR-HOUR  STORAGE  REQUIREMENTS  FOR 
VARIABLE  CHANCE  STORAGE  METHOD 


Rate 

(Samples  per  Second) 

Storage  (eight-bit  bytes) 
Minimum  Maximum 

20 

3375 

A32 ,000 

8 

1  350 

172,800 

A 

675 

86,400 

•) 

3  37.5 

43,200 

differed  frum  the  previous  by  at  least  C.  The  minimum 
storage  was  required  when  the  input  signal  was  stored  only 
as  the  time  tag  overflowed.  The  minimum  values  indicated 
tile  VCSM's  potential  for  storage  reduction.  The  maximum 
values  indicated  the  storage  |)enalty  possible.  Like  the 
!)CSM  ,  tliis  method  rec|uired  the  differeuee  value  to  be 
within  the  .illowable  r.inge  ( -  ! ')  to  ♦  i  5  )  . 

/'o(liti_eil  Vat  i.il)l  (_■  Clianq^e  Stau^iilp  Met  hod  .  The  Modified 
V.M  i.ihle  tUiange  Sttiraj’,e  Method  (MVCSM)  used  the  basic  data 
rue'  nil'  o!  the  V(JSM .  As  seen  in  I'ippifL'  10,  the  MVCSM 
saved  oiiL'  data  entry  (t  inie  tar,  and  Uit  lei'ence  value)  in  a 
single  eiglit-Ijit  byte.  As  shown  in  i'alile  VI,  this  method 
had  a  potential  lor  storage  (eduction,  although  less  than 
that  of  the  VCSM.  However,  lor  the  worst-case  condition 
where  every  sample  taken  was  stored,  the  storage  penalty 
was  no  worse  than  tliat  of  the  GSM. 


EIJiPSED  SAMPLE  INTERVAL 


SIGN  PLUS  TWO’S  COMPLEMENT 
DIFFERENCE  VALUE 


I 
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Fig.  10.  Modified  Variable  Change  Storage  Method  Format 


TABLE  VI 

FOUR- HOUR  STORAGE  REQUIREMENTS  FOR 
MODIFIED  VARIABLE  CHANCE  STORAGE  METHOD 


Rate 

(Samples  per  Second) 


Storage  (eight-bit  bytes) 
Minimum  Maximum 


20 

18,000 

288,000 

8 

7,200 

115,200 

A 

3,600 

57,600 

2 

1,800 

28,800 

2 


As  with  the  previous  method  that  stored  differences, 
this  method  required  the  difference  to  be  in  the  allowable 
range  (-8  to  +7  in  this  case).  The  time  tag  overflowed  and 
a  "no  change”  entry  was  saved  after  16  sampling  periods  had 
elapsed.  Also,  like  the  previous  difference  methods,  the 
error  was  dependent  on  the  value  of  C  chosen. 

Storage  Method  Comparison .  A  graphical  representation 
of  the  amount  of  storage  required  by  each  method  is  shown 
in  Figure  11.  To  account  for  various  sampling  rates  or 
mission  lengths,  the  data  is  normalized  to  the  Continuous 
Storage  Method.  For  input  signals  which  change  by  a  small 
amount,  the  Continuous  Storage  Method  requires  the  full 
eight  bits  to  convey  as  little  as  one  bit  of  additional 
in fomation .  For  storage-bound  applications  such  as  this, 
alternative  storage  methods  were  needed  for  these  types  of 
signals . 

The  last  three  storage  methods  discussed  above  were 
variations  of  what  the  literature  called  delta  pulse  code 
modulation  (Ref  17:218).  The  appeal  of  these  storage  types 
was  tliat,  by  storing  the  difference  instead  of  the  signal 
itself,  fewer  bits  could  be  used  to  convey  essentially  the 
s;ime  information. 

The  drawback  to  these  methods  was  that,  as  soon  as  the 
number  of  bits  was  defined,  an  allowable  range  of  variation 
}  rom  (jne  sample  to  the  next  was  also  defined.  T!iese  methods 
should  be  used  only  for  signals  which  usually  do  not  vary 
by  more  than  the  method's  allowable  range.  As  long  as  the 


Fig,  11.  Normalized  Storage  Versus  Storage  Required 


signal  variations  from  sample  to  sample  were  less  than  or 
equal  to  the  allowable  range,  these  methods  worked  admirably. 
However,  when  a  difference  storage  method  was  used  for  input 
signals,  which  consistently  varied  by  more  than  the  allow¬ 
able  range,  one  of  two  courses  liad  to  be  taken:  either  the 
sami)ling  rate  was  increased,  tliereby  requiring  more  storage 
memory,  or  the  minimum  reportable  change,  C,  was  increased. 

Increasing  the  s^lmpling  rate  to  eliminate  range  errors 
^rm^tTau^'  the  resulting  storage  to  be' mure- tlvtur  t-h.E>t_reqijiryd_ 

4  7 


by  the  Continuous  Storage  Method.  In  a  test  case,  in  which 
a  zero  to  five-volt  sinusoidal  test  signal  was  sampled,  all 
difference  storage  methods  required  significantly  more  stor¬ 
age  than  the  Continuous  Storage  Method  because  the  sampling 
rate  was  increased  to  eliminate  range  errors. 

In  many  cases  the  occurrence  of  a  small  percentage  of 
range  errors  might  be  acceptable,  when  compared  to  the 
sampling  rate  required  to  insure  that  ^  range  errors  occur. 
Whether  a  small  percentage  of  range  errors  is  knowingly 
allowed  or  not,  the  software  should  recognize  and  handle 
range  errors  to  prevent  erroneous  data  from  being  stored. 

In  the  simulation  conducted,  the  occurrence  of  a  range 
error  caused  the  software  to  stop  the  simulation  with  a 
"range  error"  message.  The  following  paragraphs  discuss 
possible  methods  of  handling  range  errors. 

One  way  to  handle  range  errors  would  be  to  discard  the 
entire  block  of  data  containing  the  error.  The  smaller  the 
block,  there  will  be  less  data  lost.  This  approach  would  be 
justified  if  the  amount  of  storage  memory  were  marginal,  the 
[jrobability  of  a  range  error  were  small,  and  the  occurrence 
of  small  gaps  in  the  data  would  not  invalidate  the  entire 
Lust . 

If  preservation  of  all  data  were  necessary,  then  the 
program  could  zero- fill  the  remaining  portion  of  the  block 
and  start  a  new  block.  Again,  the  smaller  the  block,  the 
loss  zero-filled  MBM  storage  there  will  be.  This  approach 
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should  be  used  only  when  the  probability  for  range  error  is 
small,  to  prevent  excessive  zero-filled  storage. 

Another  approach  would  be  to  store  the  maximum  differ¬ 
ence  possible  until  the  signal  could  again  be  correctly 
represented.  This  approach  produces  a  "signal  tracking 
error"  whenever  range  errors  occur.  If  tile  signal  tracking 
error  were  acceptable,  this  method  would  be  desirable  from 
a  storage  point  of  view. 

Lastly,  tlie  sam[)ling  of  a  particular  channel  could  be 
adaptively  adjusted  throughout  the  mission.  For  instance, 
a  predefined  number  of  range  errors  would  cause  the  minimum 
reportable  change  or  the  sampling  rate  to  be  increased. 
Similarly,  repeated  storage  of  "no  change"  would  cause  the 
sampling  rate  or  the  minimum  reportable  change  to  be 
decreased.  If  required,  the  sampling  method  could  also  be 
adaptively  changed  to  match  signal  to  storage  method.  While 
this  approach  is  beneficial  in  many  respects,  it  would 
require  added  storage  overhead  (block  header  information) 
to  indicate  sampling  rate,  minimum  reportable  change,  and 
storage  method. 

The  second  course  to  preveiit  range  errors,  increasing 
the  minimum  reportable  change,  L ,  can  reduce  the  amount  of 
storage  required,  but  does  so  at  the  expense  of  sampling 
accuracy  (see  Table  IV).  For  the  DCSM ,  increasing  C 
allowed  the  sampling  rate  to  be  reduced,  thereby  decreasing 
the  amount  of  data  stored.  For  both  tlie  VCSM  and  MVCSM , 
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increasing  C  also  resulted  in  more  "no  changes"  between  sam¬ 
ples,  further  reducing  the  amount  of  storage  required. 

A  qualitative  test  was  conducted  to  determine  the 
tradeoffs  between  sampling  accuracy  and  storage  requirement. 
A  zero  to  five  volt  sinusoidal  test  signal  was  sampled  using 
the  three  difference  methods  discussed.  The  test  was 
repeated  at  several  signal  frequencies.  Although  a  signal 
of  this  type  should  be,  in  reality,  sampled  continuously 
to  achieve  minimum  storage,  the  test  did  provide  an  indica¬ 
tion  of  the  tradeoff  between  accuracy  and  storage. 

Sampling  accuracy  was  varied  by  varying  the  minimum 
reportable  change,  C.  The  sampling  rates  were  set  at  the 
minimum  rate  possible  that  produced  no  range  errors.  There¬ 
fore,  every  sample  taken  was  stored  and  the  sampling  rate 
equaled  the  storage  rate.  The  storage  reduction  percentage 
[iroved  to  be  virtually  independent  of  the  signal  frequency. 
Table  VII  shows  the  storage  percentage  reduction  for  the 
difference  methods  tested. 

Sampling  Delays 

To  insure  reducibility  it  is  important  to  correlate 
the  samples  from  a  given  channel  with  time.  For  ease  of 
programming,  as  well  as  analysis,  the  time  between  samples 
should  be  equal.  When  sampling  multiple  channels,  each 
with  a  different  siunpling  rate,  it  is  difficult  to  maintain 
e(|ual  time  between  all  samples  for  all  channels. 


TABLE  VII 


DATA  REDUCTION  FOR  INCREASED  MINIMUM 
REPORTABLE  CHANGE,  C 


Minimum 

Rep 

ortable  C' 

hange  ,  C 

Method 

2 

3 

A 

5 

Delta  Change 

Storage  Method 

75% 

83% 

86% 

Variable  Change 

Storage  Method 

bit 

69% 

111 

82% 

Modified  Variable 

Change  Storage 

Method 

63% 

75% 

83% 

86% 

A  collision  was  defined  as  the  occurrence  of  multiple 
channel  sampling  requests.  For  analog  channels  the  colli¬ 
sions  caused  the  nth  channel's  samples  to  be  delayed  in  time 
b;,  the  amount  (n-l)(T,+T  ),  where  T  was  the  time  to  deter- 

mine  the  next  channel  and  start  its  conversion,  and  T  was 

c 

the  A/D  conversion  time.  For  digital  channels  the  delay 
was  (d-l)(Tj),  where  d  was  the  number  of  digital  channels 
and  T^j  the  time  to  determine  the  next  channel  and  read  its 
value. 

Sampling  "jitter"  was  delined  as  a  fluctuation  in  the 
sampling  interval.  Two  sources  of  jitter  V'/ere  observed. 

The  first  was  a  one  to  five  microsecond  jitter  due  to  the 
r.jndorn  nature  of  interrupt  retpiest  .  This  amount  of  jitter 
was  insignificant  when  compared  to  tlie  slow  varying  sigrrAl^s 


inconsistenC  occurrence  of  collisions.  For  this  case,  the 
jitter  was  equal  to  the  delay  due  to  the  collision. 

As  shown  in  Figure  12,  no  sampling  jitter  was  observed 
when  collisions  occurred  consistently  at  each  sample  inter¬ 
val.  In  Figure  13,  the  jitter  for  this  case  was  eliminated 
by  sampling  the  faster  channels  first.  Figure  14  shows  that 
no  jitter  occurs  for  the  case  where  successive  channel  sam¬ 
pling  intei-vals  were  integer  multiples  of  their  predeces¬ 
sors.  Figure  15  shows  that  jitter  occurred,  however,  when 
all  channel  intervals  were  not  integer  multiples  of  each 
other . 

For  the  tv<70-channel  cas<i,  the  repetition  interval  for 
channels  with  sampling  intervals  n^^T  and  n2T  was  (nj^n2)T, 
where  T  was  the  basic  system  time  interval,  n^<n2,  and  n2 
was  not  an  integer  multiple  of  A  theoretical  worst- 

case  jitter  of  approximately  19(T^+T^,)  would  occur  if  all 
20  channels  (analog  and  digital)  had  sampling  intervals 
that  were  not  integer  multiples  of  each  other.  For  an 
observed  of  approximately  300  microseconds,  the 

t li e oreTTe ci  1  vn i' o t - cTa s e  delay  is  approximately  5.7  milli¬ 
seconds.  Sampling  intei'vals  which  are  not  multiples  of  each 
other  imply  that  they  be  prime  numbers  (say  through  Pig) 
times  the  basic  sampling  interval,  T.  The  repetition  inter- 
v<,il  for  such  a  jitter  would  be  '  Py  '  ^3  ’  ’  ’  ^19^^’ 

This  theoretical  worst-case  jitter  delay  is  presented 
here  to  show  that  even  the  worst-case  jitter  possible  is 
only  approximately  IIZ  of  a  50  millisecond  system  sampling 
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Fig.  lA.  Ir.tegfer  Fultipic  R.ite?  Eliirii-nate  Jitter 


Jitter  Caused  bv  Inconsistent  Collisions 


interval.  With  the  frequency  of  the  worst-case  jitter 


being  ( •  P2  •  •  •  mission  would  run  at  least 
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(7.8x10“  )T  for  the  worst-case  jitter  to  occur.  For  T=50 
milliseconds,  a  worst-case  jitter  would  occur  approximately 
every  1.24x10^^  years!  Therefore,  it  is  very  unlikely  that 
the  worst- case  jitter  would  ever  occur. 

For  the  sampling  rates  suggested  in  Table  L,  assuming 
fastest  channels  are  sampled  first,  the  worst-case  jitter 
would  be  Tl . 5  milliseconds  for  the  parameters  sampled  at 
eigtit  samples  per  second.  This  is  1.2Z  of  the  .125  second 
interval,  and  occurs  at  every  sample. 

If  the  sampling  rate  were  just  twice  the  frequency  of 
the  highest  signal  component,  this  timing  jitter  would  pro¬ 
duce  a  maximum  possible  error  of  3.7Z.  The  sampling  fre¬ 
quency  is  higher  than  twice  the  highest  signal;  therefore, 
the  error  produced  from  the  jitter  is  less  than  the  3.7% 
maximum.  If  this  error  were  deteLinined  to  be  unacceptable, 
tlie  sampling  rate  of  the  appropriate  parameters  could  be 
increased  from  eight  samples  per  second  to  ten  siimples  per 
second.  The  sampling  intervals  would  then  be  integer 
multi[)les  of  each  other  and,  as  previously  shown,  no  jitter 
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woultl  occur. 


IV  Results  and  Recommendations 


The  proposed  IFPDAS  was  designed  using  current  state- 
of-Lhe-art  devices.  The  design  consisted  of  an  eight-bit 
mi  c  ri  iLonipu  t  er  which  controlled  the  flow  of  data  from  one  of 
16  analog  or  four  digital  channels  to  MBM  storage.  Although 
the  controller  design  was  simplistic,  its  capability  was 
s i gn i f i c ant  1 y  beyond  that  required  by  the  IFPDAS.  This 
sliould  allow  this  basic  controller  design  to  be  used  with 
luture  MBM  devices  at  much  higher  sampling  rates. 

Operational  software  was  designed  and  the  system  simu¬ 
lated  (jn  a  Rockwell  System-65  minicomputer  augmented  with 
two-megabits  of  MBM.  This  software  could  be  easily  trans- 
1  erred  to  a  R6502-based  IFPDAS  prototype. 

It  was  evident  from  the  start  that  any  design  using 
existing  MBM  devices  would  be  s L orage- 1 imi ted .  The  con¬ 
troller  portion  of  the  IFPDAS  was  designed  with  the  minimum 
ainount  of  hardware  possible.  This,  witli  judicial  device 
selection,  insured  the  minimum  amount  of  power  and  physical 
space  for  the  controller  hardware  and  the  maximum  remaining 
power  and  space  for  MBM  storage.  Fven  so,  the  IFPDAS  design 
using  eight,  one-megabit  Intel  MBMs  could  only  support  the 
storage  rate  of  the  12  originiil  parameters.  Greater  storage 
rates  were  possible,  but  only  at  the  expense  of  mission  dur¬ 
ation.  This  is  shown  graphically  in  Figure  16.  l"he 


SAMPLES  PER  SECOND 


MISSION  LENGTH  (HOURS) 


*  Assumes  sample  rate  twice  storage  rate 
**  Original  parameters 


Fig.  16.  Mission  Leng(  li  Versus  Siorage  Required 

eight-megabit  line  represents  the  maximum  amount  of  MBN 
chat  will  fit  into  a  2x5x9  incli  li'FUAS  using  existing  state 
of-the-art  devices.  As  the  sample  rate  (and,  therefore, 
the  storage  rate)  increases,  the  eight-megabit  line  is 
crossed  at  shorter  mission  lengtiis. 

Although  the  device  cln)sen  to  convert  analog  signals 
did  not  have  an  internal  samp  1 e-and-hold ,  one  could  be 
added  if  required.  Because  of  the  slow-varying  signals  and 
the  relatively  fast  A/D  conversion  time,  the  possible  error 
due  to  the  signal  changing  while  being  converted  was  insig¬ 
nificant  when  compared  to  probe  accuracy.  If  signals  of 
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higher  frequency  should  be  sampled  in  the  future,  the  deci¬ 
sion  to  omit  the  SAH  should  be  reconsidered. 

The  RAM  buffer  memory  allowed  the  MBM  to  be  powered 
down  when  not  in  use.  At  the  slow  IFPDAS  sampling  rates, 
the  percent  of  MBM  "on”  time  was  independent  of  the  amount 
r)t  RAM  buffer  available.  Size  selection  for  RAM  (system 
and  butler)  was,  therefore,  based  mainly  on  power  and  space 
r e(i u  i  retaen  t  s  . 

The  four  data  stooge  methods  used  were: 

a.  Continuous  Storage  Method 

b.  Delj^  Continuous  Storage  Method 
Variable  Change  Storage  Method 
Modified  Variable  Change  Storage  Method 

The  last  three  reduced  the  amount  of  storage  by  saving  the 
difference  between  values  rather  than  the  values  themselves, 
since  the  difference  could  be  stored  in  fewer  bits.  Also, 
the  last  two  methods  stored  differences  only  if  they  were 
larger  than  a  predetermined  value. 

If  the  difference  was  larger  than  the  bits  could 
represent,  a  range  error  occurred  and  the  current  data,  plus 
all  subsequent  data  in  the  block,  were  incorrect.  Two  ways 
to  prevent  range  errtjrs  were  to  increase  the  sampling  rate 
or  to  increase  the  minimum  reportable  cliange  (or  minimum 
difference  value).  For  signals  which  had  wide  variations 
from  sample  to  sample,  increasing  the  sampling  rate 
required,  in  some  cases,  more  memory  storage  than  the  Con¬ 
tinuous  Storage  Method  would  have  required.  For  this 
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reason,  parameters  should  be  matched  to  storage  methods. 
Increasing  the  minimum  reportable  change  significantly 
reduced  the  amount  of  storage  memory  required,  but  did  so 
at  the  expense  of  data  accuracy.  Choosing  the  largest  value 
for  the  minimum  reportable  change  that  can  possibly  be 
tolerated  is  the  easiest,  most  straightforward  way  to 
reduce  storage. 

Several  methods  are  suggested  to  handle  range  errors 
when  they  occur.  If  memory  storage  is  at  a  premium,  the 
block  containing  the  range  error  can  be  discarded.  If 
accurate,  continuous  samples  are  important,  the  remaining 
block  can  be  zero-filled  and  a  new  block  started.  If  some 
error  can  be  tolerated,  the  maximum  difference  can  be 
stored  until  the  difference  saved  again  correctly  represents 
the  true  value.  Lastly,  sampling  can  be  adaptively 
adjusted  throughout  the  mission,  increasing  or  decreasing 
sampling  rates  or  minimum  reportable  change  and  changing 
the  storage  method  used. 

Consistent  sampling  intervals  are  important  for  repro¬ 
ducibility,  as  well  as  signal  analysis.  Inconsistent  sam¬ 
pling  intervals  or  "jitter"  are  caused  by  inconsistent, 
simultaneous  sampling  requests.  For  the  worst  case  pos¬ 
sible,  the  jitter  was  approximately  117,  of  the  sampling 
interval.  The  jitter  which  can  be  expected  during  normal 
sampling  would  be  less  and  is  not  considered  significant. 
However,  jitter  can  be  totally  eliminated  by  sampling 
faster  channels  first  and  making  each  channel's  sampling 
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rate  an  integer  multiple  of  the  previous  channel's  sampling 
rate . 

It  is  evident  that  this  basic,  simplistic  design  is 
very  versatile  and  could  be  used  for  other  related  types  of 
applications.  One  in  particular  is  the  collection  of 
parachute  drop  data  (Ref  18) . 

It  is  recommended  that  an  IFPDAS  prototype  be  built 
using  the  components  specified  in  Chapter  II  or  their 
functional  equivalents.  This  construction  would  identify 
the  layout  and  interface  problems  of  packaging  MBM  alluded 
to  by  MBM  manufacturers  (Ref  10:49).  Also,  since  it  is 
reasonable  to  expect  that  the  next  generation  MBMs  will  be 
bus  compatible  with  existing  MBMs,  an  IFPDAS  with  increased 
speed  and  storage  capabilities  will  be  more  easily  realized. 
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Appendix  A 

IFPDAS  PROGRAM  LISTING 
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PHYSia^IOVL  DAIA  ADQUISIT 


.PAGE  0001 


LINE  #  LOG 

(m 

LINE 

0002 

0000 

.*«r*T(rwt***  page  zero  veriabus  **■**■*■***■*■* 

0003 

0000 

*“$0006 

0005 

0006 

FF 

NCHNLS  .BYT  $^'F 

NUMBER  (F  ACTIVE  CHANNELS  -  1 

0006 

0007 

FF 

NPOirS  .BYT  $FF 

NUMBER  OF  ACTIVE  PORTS  -  1 

0008 

0008 

00 

ADBUSY  .BYT  $0 

A/D  HQSY  FLAG,  0-3  •=  INDEX,  7  -  BUSY 

0009 

0009 

BUBNDX  **'‘4-l 

aniRiNT  BUL-'rai  to  bubble  inmx  poiwrER 

0010 

OOOA 

aiRBlA 

CURRINT  BUFFER  ADDRESS 

0011 

OOOC 

00 

B61ISY  .BYr  $0 

BUBBU;  BUSY  RAG,  0-3  -  INDEX,  4  ■“  (HAN/PORT 

0012 

0000 

;  6  -  BUBBIJI  POWERED  FUli;,  7  =  HOBBU:;  BUSY 

0013 

0000 

NI.INK  *-*+! 

NUMBHl  OF  BLOCKS  IN  LINK 

00  LA 

OOOE 

'[L1M<  *=*+2 

'ivF  OF  LINK'  mnnw. 

tKU5 

0010 

Na^^^lx  *=-+2 

ADDRESS  OF  BIjOCX  JUST  DE-LIMCED 

(•016 

0012 

OLDflUC  *«‘+2 

ADDRESS  OF  RIjOQC  TO  HE  LIMED 

0018 

0014 

aiANLS  *“*+16 

LIST  ACTIVE  CHAN,  0-3  ■=  CHAN,  4-5  ■=  METH(», 

0019 

002/f 

;  6  = 

BUBBIE  RI-I)UEST,  7  =  A/D  RtqUEST 

0020 

0024 

COUNTV  *=*+16 

V.ARIABLE  TIMER  CGUI'irKR 

0021 

0034 

Poiirrn  *®^+2 

USED  IN  'SAVE"  FOR  INDIRBCT  ADD. 

0022 

0036 

CBKin’R  *«!'+l6 

aiANNKl.  BL/XK  POINTER 

(K)23 

(xm 

KEPNDX  *“**■]. 

SAVE  INDEX  VALUE 

0024 

cm? 

VDllT  *^+l  Mn  -  IHlb  V/\LUE/IAST  VALUE  DIlTjERENCE 

C»025 

(mi 

SUll'V  *«*+l 

0026 

o(m 

MOIKK  *=*+1 

(1027 

OiVtA 

OOdYlT  »«'':+16 

//  TIME  mmVA]^  SINCE  VALUE  SAVED 

0028 

005A 

CBKAIX)  *=*+32 

aiANNEL  BUFFAR  ADDRESS 

0029 

(K)7A 

ailBlX  ’■«*+32 

aiANNEL  BUFM'X  INPl.T  POINTIiKS 

0030 

WlOA 

LS'lVAl.  *=*+16 

lAST  A/D  VALUE 

0031 

OOAA 

liri’I'lM  ■''«=*+32 

LAST  ;VD  time 

0032 

U>IA 

TlLSVAl,  *=*+16 

'niJil  VALUE  Ol'’  A/D  CONVERSION 

0033 

00I3\ 

'IIISTIM  *=*+32 

TIME  OF  THIS  A/D  CONVERSION 

('•034 

CiCJl’A 

wri'j  *=*+/, 

LIST  OF  ACTIVE  POKIS  -  BIT  7  =  NEED  BUBBLE  SERV 

0036 

(XtfE 

A(X/RCY  *=*+1 

(«38 

00t¥ 

;********  INTERVAL  TIMER  ADERESS  DEF’INITIONS  ******** 

0040 

OOIT 

'Km  2 

s 

$Are9 

•.WRITE  CONTRCL  RBG2 

0041 

00  IF 

;RIAD  STATUS  RhC 

0042 

cmv 

TLTH3 

$AFE8 

;Cn2  BH’  — >  MUTE  (TL3 

(XRk3 

OOl'F 

Cm.2  BIT  0  =  -  .  TE  CTU 

(XVh4 

OOl'F 

RliAD  — >  NO  ••''*3 1.  ■ 

0(Ff5 

(X)hv 

'TK.m'R 

$AFEA 

;RL-.  :  ’>ER  1  UaJNIER 

rXVt6 

fXlFF 

WRETE  MSB  BUFI-ER  RHS 

fXFf7 

(Xtl-V 

'TILCIIW 

= 

$AFEB 

;WRIT'E  TIFMI  1  LATCH 

(XVi« 

CXIFF 

READ  1511  BUFirJl  RSG 

0049 

coir 

'bcNTR 

$AFEC 

■,Rt-AD  TLMITi  2  COUNTER 

fO'Xl 

(X)h¥ 

WRITE  IBB  BUFFER  RHC 

0051 

OOFF 

■r2LCHW 

SB 

$A1'AD 

;WRITE  TlMffi  2  LATCH 

0052 

(XlfV 

READ  LSB  BUFrai  RHC 

0053 

OOFF 

T3CN1R 

» 

$AFEE 

;RHAD  TIMER  3  COUNTER 

0054 

lOl'V 

WRITE  MSB  an™  RIG 

0055 

OOFF 

'buHW 

* 

$AFEF 

JWRTTE  TIMIR  3  lATQl 
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LINE  #  LOG 
0056  OOt'F 


0058  OOFF 

0060  OOW 
0061  OObT 
0062  OOFF 

0064  OOFF 
0065  OOFI' 

a)67  OOFF 
0068  OOFF 
fX)69  OfjF!-' 
(X)7()  00 

(X'./l  OOFF 
'X'72  OOh’F 
1X7'!  OOFF 
(074  OOFF 
0075  OOi'F 
0076  C*0F1‘' 

00/8  WFF 
0079  (OFF 
0080  OOFF 
0581  0(3Fi,' 

0182  ('CiFi'' 
*  088  oji''F 

0085  0)|-'F 
0586  OjFF 
008/  0:FF 
‘’0.88 

0090  (X5FF 
(X)92  alFF 

009:1  00!‘'l‘' 

00(14  OOFi'’ 
(XJ9'i  0('F'‘’ 
(XFX)  lOj'''*'' 
(XFi/ 

(’0(18  OO!'’' 

OOl'F 
0100  (F’.V 
01 0|  OOF'.' 

00:2  (n 

0!05  (OFF 
O' ”4  OO'-'F 


0107  ootr 
0108  OOFT 


(XlOE  LINE 


READ  LSB  BUFEER  REG 


j******  VIA  ADIKESS  DEFINITIONS  ****** 


PORTA  -  $AFF1 
DDRA  =  $AFF3 
yVJ.KLTL  =  SAl-TH 


.DEFINE  A/D  liVTA  ADERESS 
;Pi'-RT  A  IXITA  DIRECri(«  REGISTER 

AUXUARY  CDNOEO!.  register 


lYXETB  =  $7U-TO  ;ADDRESS  OF  aiANNEl.  StOECT  (0-F) 

D0RI5  =  OAF'I^  ;!*0RT  li  EA'IA  DlRECflON  REGISTER 


T1 IJ.  =  SAETiO  ;  K/W  TIMIOE  1  IJO^^-LATa^ 

Tliir.  =  $Ai-V7  ;  R-ITMEIE  1  HIGH  LATCH 

;W— TIMER  1  HIGH  LATEH  -  RESEE  IRl)  RAG 

TIIjC  =  $AI-'F4  ;  R— TM'N  1  IjOW  COUNl’ER  -  RESET  IRQ  FLAG 

;  VX— TIMER  1  LOW  LAl'CH 

THIC  -  $/M'’F5  ;  1  HlGl  COINTER 

;  VF— WIER  1  HIGH  ajUfflOiR 
;  TIMER  1  HIGH  EATCH 
;  'T^^ER  i  tiOW  LATQE  — >  IDW  aUNTER 
;  S'lART  WIX  TIMF;  ExmaWAI.  -  reset  irq  flag 


TEZLL  =  .'[lAF’FS  ;  R— TIMER  2  LOW  CMUNTER  -  RESET  IRQ  FLAG 

;  W— TIMEK  2  IGIW  IJVIUI 

TTIIC  -  $A1>’9  ;  R— TIMER  2  HlUl  COUNTER 

;  W—  T!M!'J<  Hiai  aiUNIER 

;  timI'N  >  IGW  lAIUl  — >  TLHiR  2  UXI  CaWlER 
T'MER  2  RE.STAKT  CUINT 


SHFTRG 

-  (J/VHA 

;SHI1'T  RI'LISIEK  ADIKESS 

RCR 

-  'l/V’ix: 

;PEKllT110G\l,  UWIROL  REGISTER 

HR 

.S/VFFO 

;1NITRKEU'!'  KIAG  REGIfTER 

El-R 

-  iV'!''!'; 

ilN'J'EKRL'E’r  I'NARU';  RIU  ESTER 

•,*****-*  MONM'IOR  LINKS 

ACIA 

=  $aK)0 

MSCADK 

^  ::x:60(i 

MONITR 

=  OCOH' 

fHANK 

=  5TJ0AF 

CRI/M 

=  GiyjF! 

RKER 

=  '.;0!89 

(irnirr 

-  OOPCl 

REI»Xn’ 

-  5D2!«) 

Hty. 

-  .'.(lyioA 

MIMA 

-  2i>2(:k 

RtAI) 

‘=$0100 

I.FJ'T 

=$ij:L)0 

ROll'K 

=  $D1I1C 

;READ  &  SEE  O’  KEYBOARD  HIT 

PAIN 

-  SB/AE’ 

;SEr  UP  PA  BUBBLE  PORT  AS  rNPETS 

PAOI/r 

=  $H7AB 

;SET  PA  BEfBBLE  PORT  AS  OUTPUTS 
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LINE 

#  ux; 

OOUE 

LINE 

0109 

00  EE 

PBIN  =■  $B7C6 

jSCT  PB  BUBBLE  PORT  AS  INPUTS 

0110 

OGEE 

PBOUT  =  $B7C2 

;SEr  PB  BUBBLE  PORT  AS  OUTEl'TS 

0111 

OOEE 

WArm  =  $B730 

;WArr  l-DR  SYSTTW  HUBBLE  NOT  BUSY 

0112 

oofv 

SEND  =  $B71X; 

;S!iND  A  CCMMAND  TO  SYSTHW  HUBBLE  AND  WATT  EX)R  A 

0113 

OOE!' 

PIVU)  =  ?B7C3 

;B  PORT  INPUr  OR  OUTPUT  AC(X)kDING  TO  'X' 

0114 

OOi->' 

OKA  =  $H80! 

;SYSTEM  HUBBIJ;:  COlffRUL  RHCIST'EH  A 

01  r> 

60  E!' 

Pa  =  $ii8(X) 

;  HUBBLE  JAIRI'  A 

01 1(1 

00!''l-' 

PB  =  $8802 

;  BUBBLE  PORf  li 

0118 

(X)1V 

BlJEl  -  $B(XX) 

;lNR;r  BUEEAR  (F  256  LOCATIONS 

0119 

OOl'E 

RUIO  =  SBCOO 

;tXri'Rrr  BUEI-EII  QP’  256  LOCATIONS 
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LIME  1/  LOG 

CODE 

LINE 

0121 

OOIV 

*'hkiclckicicickic  *tHIS 

IS  THE  START  OK  THE  PROGRAM  ********** 

0122 

OOt'F 

PROCMM  S'lARTS  WITH  KEY6  *McMcicMcMc 

0124 

00  KF 

*>=$0411 

012S 

Wll 

1>C  00  02 

JM1>  RI'IIET 

;SET  KEY6  TO  START  PROGRAM 

012/ 

WI4 

*=$200 

(H2H 

02(K) 

7B 

RESET 

SEf 

;INTT’IAI.I2E  SYSTEM  AFTER  RESFf 

0129 

0201 

Ij8 

CIJ) 

Olio 

0202 

A2  IE' 

IJIX  #$FF 

11204 

9A 

'!Y;; 

;SET  I/P  SYSTm  SIAIM 

O'  V.' 

02OS 

20  lO  OS 

ISK  IN  IT 

;W  SYSTIM  TNITTAITZMION 

on  i 

02O.'i 

20  Ec;  OS 

OSK  SIJ'i'S'l’  ;I>J  SYSTI'M  SEIJ'S’EST 

(UTS 

02(m 

A9  00 

SETUP 

IDA  #<FKG1 

;  INrCIALIZFS  RUN  PARAMETERS  (M  UUMl’S  BUBBL 

0LT6 

0201) 

20  ro  05 

JSk  FWinrr 

;0inHn’  M-ICl  TO  CRT 

01T7 

0210 

20  i'l:  OS 

JSK  GKrVA), 

;C1T  A  aiER.\LTl-R  FT«M  THE  CRT 

orw 

02!  i 

O'-/  44 

CM!’  ro 

OlT'l 

02  ;s 

IKi  03 

HUE  S!-:I2 

01^/1 

0','  1 '/ 

40  00  05 

,wp  II'MP 

01.4! 

02!  A 

o9  49 

SET2 

(Ml’  ri 

0?42 

02 !  ( : 

i.ii  I-:') 

sm;  sf:;up 

;(K  NOT  'D'  OR  '1'  THEN  ASK  AGAIN 

0!.4i 

02' 

20  2fT  06 

JSR  siniiEO 

;2>I1()  mil’FEK  INI  W3C 

01V» 

02.0 

2(1  O'.  06 

SET.3 

JSR  CRl.F 

•.OUTPUT  A  CARRAGE/RE'IURN  TO  OCT 

Ol/i6 

0224 

A9  1C 

aiNPKM  IJIA  #<N55G3 

'EMJER' 

0147 

0226 

20  EO  05 

.)SR  MSGOUT 

'ULAN  RATE  MEIH(»' 

0229 

A9  22 

LVW  #<MSC;iA 

0!4'-/ 

022!) 

2.0  EO  05 

-IFR  FGCaT 

0 !  SO 

02.2!'; 

20  01  06 

JSR  (.:ls’!..F 

Oi.Sl 

02.1! 

20  05 

aiNl  JSU  CI'TA/AL 

GEl'  active:  otannel  value 

01  s;’ 

02  )4 

(  V  (HJ 

IMP  /'I^IO 

■n-MT  FDR  CR 

n:  ')'( 

O.'jfi 

!■■<)  24 

111))  iT.-ni<M 

IIRANCH  TD  GET  PORT  PARAMETER 

(>:  % 

02''.H 

20  00  06 

,ISU  Tntl-3C 

aLANGF.  'A'  TD  A  1D'3C  VALUE 

O'  S') 

'.'2'ii) 

2‘/  OF 

AN!)  :’3oy 

0'  ')*) 

02'i') 

AS 

TAX 

SIT  UP  INDEX  'X' 

01  s; 

02 'IK 

A'/  09 

I.U\  *9 

01S8 

0.'4l 

20  II  06 

.isi:  SPACFiJ 

anWT  "A'  SPA(ES  TD  CRT 

01  sy 

oy, ! 

20  IF  06 

,ISR  (JIKX2 

READ  (N  FRCM  CRT  TT/O  CHARACTERS  — >  HEX  IN 

OUiO 

02/p) 

90  ')!)  n 

STA  iKA'n:,x 

■SAVE  THIS  KATE  VAUJE 

OUvl 

■0249 

A'.'  OA 

UR  ('10 

0lh2 

024H 

20  !  1  06 

.)S>{  SPA(.T'2: 

olf'.T 

024!: 

2!'  I'V.  OS 

.ISK  ID'riVAL 

0164 

02'.! 

29  0/ 

AND  '■'/ 

F'dRlE  MF/IHOD  INTO  RANGE 

olh') 

!.'2')'! 

90  /O  II 

STA  .‘.TOWE.X 

.GET  AND  SAVE  OIANNFT.  SAMPLING  METHOD 

Olhh 

0266 

20  01  Ot) 

.INK  CKLF 

Olh/ 

02  S  9 

4o  l!  02 

.)M!’  ni\T 

,GET  ANcnilER  CHANNEL  PARAMETER  ShT 

0169 

0170 

()2S(: 
02  SK 

A9 

:’0 

1C 

I'T)  OS 

PRTPRM  UV\  /i<FK(3 

JSR 

j'FWn'R' 

01/1 

0261 

A9 

F 

1.1 1\  '■  •T'SC/t 

o|  72 

(i:'h  1 

20 

!;i)  OS 

■JSR  FfCCOITf 

;  'ACTIVE  IDRT 

RATE' 

/O 
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1,1WK 

#  IjOC 

OODI-; 

LINE 

01 7  j 

0261) 

20  03  06 

JSR  CHIJ 

017A 

0269 

20  re  05 

PRTl  JSR  GKNVAL 

or/5 

02(>(.: 

C9  OD 

(MP  ?r$oij 

(il'/fi 

026k 

fO  J/, 

RKI.)  MKl 

or/? 

02/0 

29  03 

AN!)  (?S:! 

or/a 

02/2 

M 

'i?\X 

•.SCALE  PORT  INDEX  VALUE 

0[/'i 

02/ 1 

A9  OA 

!JA  #10 

OLWi 

02?'. 

20  11  06 

JS!<  Sl’AOS 

OlKl 

lYj/n 

20  IK  06 

J.SO  C3II2X2 

;READ  CRT  TWICE  — >  HEX  'A' 

OlKl’ 

iy.‘  /!i 

'111  ')')  1 1 

S!7v  l‘0:-r!'tlE,X 

•.SAVE  R)RT  RATE 

OlH  i 

0271. 

20  03  0(1 

JSi’  CILJ' 

O’.fA 

02H' 

60  (,9  02 

jmi’  p:<ti 

;a)  GET  ANOniER  TORI  PARAMETER  SET 

0186 

028i't 

20  03  Of) 

MKl 

JSR  CRIJ' 

01.87 

028/ 

2.0  00  O'? 

JSR  AGftV 

;SORT  ACT  IVE  ANAIOG  &  DIGITAL  QIANNELS 

01  88 

02.8/v 

A9  99 

IJV\  #<f-1SG8 

'j:s9 

028(; 

20 

EO  05 

JSlv 

02.8!' 

A  9 

22 

u.v\  #<m:-'.G3a 

0191 

02"  1 

20 

WJ  05 

JSR  MSC'XJ':' 

01, 'LI 

02'.)'') 

A6 

'>J 

IDX  NO  IMS 

02')() 

30 

23 

f&'l  xii 

('MV* 

02."8 

20 

03  06 

NIK2 

.ISi';  CRIX' 

;LIST  ACTIVE  CHAN'S 

'JOI') 

('L'/il 

li'S 

16 

I.D\  GI.V'ILS.X 

ni'.th 

‘X'VD 

>u 

OK 

AN') 

O' 9/ 

02O:.' 

‘J() 

3|.'  06 

JSR  (Xi'OlIvX 

01.98 

02A2 

A‘> 

08 

l.'l'v 

ol9‘) 

02?r, 

20 

1  '  06 

JSR  .Sl’AGES 

f'2(K) 

02A/ 

80 

Ix:  10 

!;v\  (jONrp.X 

'J20| 

'  ’-’xWX 

2() 

IK  06 

JSI-:  (S."i1l!2K 

()?' 1.! 

(i2A!) 

A  9 

()8 

i.!v\  iiy 

;  >  W  1  (, 

ry.'j-y 

20 

1  !  XK, 

J8R  IJ'ACK'J 

('  1' '( 

80  (ill  1 ! 

i.iv.  M-rnioi'.x 

20 

O'  (*) 

O.'IH, 

(.2. ‘8 

(A 

I'iX 

"20/ 

0289 

!0 

1)0 

8''!,  m>;2 

02'.I9 

0288 

20 

03  06 

H1K6 

JSK  CRIE 

•.LIST  ACTIVE  PORTS 

0201 

02'1K 

A‘i 

f)Q 

l.!V\ 

..21  1 

o:’i  !i 

Kl)  05 

JSK  MKJ'irr 

( '2 !  2 

Ml"  ■  \ 

A'! 

31 : 

l,lv\  (HMSC/) 

m;'  '  i 

(.2.  0 

20 

!■:')  05 

.!:-■!■•  r-MijJjr 

( I2i 

Afi 

0/ 

I.OX  .VIXIKIM 

021  ') 

'02.  A 

10 

1,1' 

8r-l!  •■t)K'i 

.'2  0, 

?'■ ! 

O  '.  06 

MJK3 

.iSR  (:r(.k 

02  1  / 

( 'I.' 

r.‘, 

I'A 

i.D\  l•''lrlS,x 

O'.’iH 

021'! 

29 

0  ' 

AND  (■'. 

iKKO:  INi'O  RANGE 

Ovi  q 

92") 

20 

ll.'  06 

..'KM  H.-nil'X 

(122(1 

1  !.’■  if. 

A'l 

(),'( 

l*!V\  i  n 

0221 

i  I.’i  iS 

20 

1  1  06 

JSR  SI'Ad'S 

0222 

fT'ilU 

80 

'I'l  II 

Liv\  ii'jvn'i.x 

022  1 

20 

3K  (>. 

JSK  rl'nilX 

1  '226 

o.'l'  I 

•A 

!!(■>: 

(i22o 

10 

1-8 

H!’l,  MIK3 
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LINE  #  LOf;  CODE  LINE 


0227 

02E2. 

A9  AB 

MK5 

UQA  77<^fiG5 

0228 

02hi) 

20  03 

06 

JSR  CRLE 

0228 

02E9 

20 

El) 

05 

JSR  NGOirr 

;'VERIFY-V  aiANGE-C  CK-K' 

0210 

02E(: 

20 

l-C 

05 

JSR  GEIVAl, 

02:0 

02!:k 

('9 

Xi 

(j)!’  rv 

02:12 

02  Kl 

I'O 

01 

Bl-tJ  >UC.l 

02:11 

02E1 

C9 

4:1 

(.>11'  71'C 

02:18 

02i'"i 

1)0 

O'l 

BNE  MK4 

02'i'i 

02t''/ 

80 

2! 

02 

JM1>  SETJ 

it2:io 

02l’'A 

CO 

All 

M3K4 

(.Mi*  c'K 

02:1/ 

(17  i-x ; 

IX) 

lOi 

l.i.\K  KUl<5 

02:19 

02t-E 

A') 

OK 

7(<MS(36 

022*0 

0100 

2(i 

Kl) 

05 

js;(  KGc^trr 

;"WA1T  -  BUBBLE  INITLALIZATION" 

■028! 

0:iO^ 

20t 

/o 

06 

JSR  M<BI![)R 

iWRTTE  HEADER  INKtlRMAllON  TO  BUBBLE 

0:'82 

0:100 

A9 

H2 

l,IV\  r'i'ViCJ 

;''INrriAJ.L2A'nON  COtl’I-ElE  -  POWER  IXWN  SYSTbEf 

(OVkI 

(1:11  i.S 

20 

!■:'.» 

05 

JSK  MS<Jt'T 

('•28-8 

O'lOU 

2(1 

i,»: 

Dl 

KK7 

JSK  i<l'Aj;i 

;WAJT  H)R  "SPACE'  BEKDICE  MISSION 

i'28'i 

i-OiO!: 

CO 

20 

CM!*  c;>20 

f'2/iO 

O.Vi'i 

(XI 

!•') 

ll.\r:  !  tx,7 

o;i8/ 

o:-  i 

•k: 

!'■> 

03 

jK:i>  mis:;n 

I 
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LINE  #  LOC 

OODE 

LINE 

0250 

0315 

20  71  06 

KLSSN  JSR  RDBHDR 

;READ  BUBBLE  HEADER  TOR  RUN  PARAMETERS 

0251 

0318 

20  «)  06 

JSR  HUNIT 

;INrriAL12E  POINTERS,  COUNTERS,  TAJILES,  ETC. 

0252 

03 IH 

A6  06 

JUX  NOlNlil 

;GfcT  CHANNEL  INDEX 

0251 

0311) 

'30  411 

MLSSNl  m\.  M1SSN2 

02  Vi 

0312 

Be  :Vi  11 

SIX  8AV!-;< 

0255 

0322 

AO  00 

!J>\  7,0 

0256 

0324 

45  36 

S'L\  CdKPrn.X 

;ZU10  ANAliJG  QIAN  OEESET 

0257 

032), 

45  4\ 

STA  OX'W.X 

;ZH<o  dh;ia  time  count 

0250 

0328 

20  72  06 

JSR  TlMhlRS 

0260 

03211 

115  14 

IM  aWNLS.X 

;READ  JS"r  VALUE  OE  ANALOG  CHANNEL  'X' 

5'2tO 

0321 1 

44  M' 

liOR  7($Et'' 

'  1262 

032I'- 

81)  M  )  AE 

S'lA  IMfR-ni 

;  START  A/D  CON.TJISIUN 

02tVl 

0337 

A4  02 

M1SSN5  1JV\  i:2 

U2f/t 

O')  'A 

20  i'O  AE 

HIT  ;H< 

02i)5 

O'y-,/ 

U)  E" 

IlK'l-;  MIE.SN5 

02i.(, 

033') 

Al)  !•'!  Al’ 

1,'Ev  HIRIA 

02  0/ 

0''.30 

h'j  !.'E 

?/$>•■)• 

02{,,6 

O'!  /•: 

43  i;\ 

:r!A  •'i!:%\!.,x 

iSET  CHRRUvr  VALUE 

O2h0 

03mO 

45  '  )A 

H'I'A  L';riV/\l.,X 

02/1 

0142 

tl!)  m:  10 

IJA  (JJ.(Nn>,X 

02/2 

O', 65 

'75  24 

STA  (XT'NIV.X 

;SEr  TIMER  CCUNIERS 

('2/i 

20  A4  OA 

JSU  !5IJ</\L3 

;A1JXXA1E  1ST  BLOCK  THIS  ANALOG  OlAN 

('274 

( )  146 

>v\ 

'i>3\ 

('2;  5 

O' 14 11 

('A 

/vSl,  A 

1 12/6 

(  1  v*  J 

A;\ 

T.'V< 

027/ 

A'l  10 

1.1  Ev  NtWtilK 

02/6 

'<')  'v\ 

S'iiX  CJIEAOO.X 

;SLT  UP  1ST  BLOCK  POlNniRS 

i'27" 

l)V,M 

"5  7A 

S3' A  <(3|!iU:,X 

02!  10 

A'l  1  ' 

i.lk\  \')',V/:t!;'+! 

'V*'  '7 

3)5  '>11 

s’l,,.  O'II'A:)')-);  ,x 

f  )2.'-;2 

s'lA  ,X 

022  i 

A‘7  Oo 

I.IA  ./'O 

o/.Vt 

0 

45  lA 

S'lA  ■(■isn-LX 

;Z1K0  NIART  TlMi 

02,25 

;)’i 

S'S)  ■I'CSTL-'H' 

o2,-,/i 

/  ',1/ 

ii  Jl 

(MO  SAVI'A 

022/ 

20  63  OA 

JSK  IA2")E 

jWKm-;  (IIANNEL  HE2U)ER  TO  RAM  BIT’EER  AREA  'X' 

‘74  3)  I 

S'Ei'  X 

;MI7DIIY  INDEX  POINTER 

1 122') 

(Kifi. 

(A 

iry. 

0200 

03.68 

10  IL  ) 

IK’I.  NISSM! 

0202 

0'(6A 

Af  )  0/ 

MISSN2  l,:ix  NI’OK'iS 

02')'.1 

CfAhr 

'10  2il 

M1SSIT3  IINI  MIS.S,'yi 

!  i2','4 

'  I'i'ill 

A‘7  (Ml 

(.(A  H) 

o2')'i 

63/0 

'7(1  31  11 

S'lA  CIlKnK.X 

jZHKO  DIGITAI.  POINTER  OFFSET 

o/'f, 

03/  1 

20  A4  OA 

JSR  lilKAU! 

;(.ET  INT  I1177CK 

02<>7 

0'!/'. 

8A 

'IX/\ 

02 'iH 

/ 

OA 

AS',  A 

1 12'  •') 

O' 1/8 

Afl 

TAY 

OlOO 

I'l/O 

A'l  10 

17  n  NfiWWK 

jSET  UT  in/XX  POINTCRS 

"501 

(,078 

44  4'.'  ]  1 

s-iA  (;pmK,Y 

i'i'!02 

o'i;i'', 

4''  41  11 

S  I  A  I’BEAOD.Y 

o'lO’i 

O'ifil 

A5  11 

LIE,  ,V('WI1(X+I 
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.PAGE  0006 


LINE 

#  LOC 

ooce 

0304 

0383 

99 

4A 

11 

0305 

0386 

99 

42 

11 

0306 

0389 

8A 

030/ 

038A 

09 

10 

0308 

0'38C 

81) 

34 

11 

0309 

0388 

20 

63 

QA 

0310 

0392 

98 

031! 

0393 

90 

51 

11 

0312 

UJ.'K) 

(A 

031.3 

039/ 

10 

D3 

0315 

0399 

A9 

00 

0316 

0398 

85 

OC 

0317 

0390 

20 

72 

06 

0318 

03Ai:i 

58 

LINE 

STA  CPBIK+1,Y 
STA  PBFADW  .Y 
■!KA 

(KA  #$10 
STLV  SAVEX 
JSR  WiaffiR 
lYA 

S“LA  PBKKIK.X 
DIX 

Un,  M1SSN3 

MISSN4  im  #0 

STA  IIHJSY 
JSK  TJWEKS 
CL  I 


;WRJTE  PORT  HEAMK  TO  RAM  BUFFER  AREA  'X' 


;  START  TIMER  FOR  MlSSIfflJ  RUN 


7A 


PHYSIOLOGICAL  DMA  ADQUISIT, 


.PAffi  0009 


LINE  #  LOC 

CODE 

LINE 

0320 

03A1 

•  ieincirx-***  Mjujj  LOOP  Ok'  PROGRAM  *-a*a-a*** 

0322 

03AI 

A9  20 

miN 

LDA  IttOOlOOOOO 

;affi(X  Ft®  BUFTER  80%  FULL 

0323 

03A3 

24  OC 

BIT  BHJSY 

032A 

03AS 

IX)  OA 

BNE  MAM) 

032'. 

o:u7 

30  l•■8 

BMI  MAIN 

;BUSY? 

':i32h 

03A‘) 

30  «p 

BVC  MAIN 

;POWFWD? 

0327 

03j\)i 

20  31  07 

.)SR  BinjRDN 

;Yti; 

032H 

OO/U': 

4C:  Al  03 

J.M!"  MAIN 

;.NO 

0330 

03111 

')0  (Vt 

I^1N6 

BVC  XAJNl 

;BKANai  BlIBHLE$Nar  POWERED 

033! 

03,33 

30  m: 

KMI  MAIN 

;  !iKANUI  BUBBLE  BUSY 

0332 

03113 

10  03 

lll’l.  ^AIM2 

;A!WAYS  SKIP  NBCl'  INSTRUCTION 

0333 

03117 

20  90  07 

MAINl 

JSH  H'lMfP 

;0)  MX7EK  UP  THE  BUBBLE 

0333 

03I1p\ 

A9  W 

7A.IN2 

!J>\  /v7l  1100000 

;SIT‘  MJU'RElj,  BUSY,  6,  80% 

0330 

03:/; 

H3  (X' 

S'lA  fiUK.'Y 

0337 

0,.:iK 

.'Vp  OpA 

IJ)X  MdlMm 

; WINTERS  TO  TOP  OP  lUlS  LILKED  LIST 

n'i3H 

O'.m 

A3  'X' 

(^UN3 

hi  V)  BBl.iSY 

;IJP11M’E  BBUSY  F1AG 

0  Cis) 

0,3i:2 

20  lO 

AM)  '‘OH' 

iruVi 

■  1  u  /. 

hS  (*' 

STA  'inxrc 

f  '3.'| ! 

0,3  Up 

lA 

■lYA 

1 1  ‘.02 

'.133/ 

10  17 

KMI  MAM) 

■ '  M|3 

O';.”'! 

03  ix: 

OKA  HIH'IA' 

' '  '..V. 

O'.tlli 

33  IX; 

■7 A  'MV'-r/ 

O'uVi 

03(M 

T'j\ 

'I  '..Vp 

oOi'.,; 

0/ 

AM,  A 

'm-'p7 

0 

;V; 

'lAY 

03") 

3  1  3A  00 

1,1  A  CKKADO.Y 

1 

pi'-...f 

,3  3  OA 

;."!A  miri'pKA 

03  Wl 

03'/p 

119  33  00 

;.iv\  cf.'A'»:,H|  ,Y 

m3',| 

o.'l'/l 

,33  O'l 

,1’IA  .VKI',!-A+' 

HIM 

03U6 

20  M)  QA 

,):;k  hokkij; 

;PUT  ANAIIX;  QIAN  LINKED  LIST  IN  BUBBLE 

0!33 

031*) 

(A 

Dt-X 

03% 

03lJl‘; 

10  to 

HI ’I.  MA1N3 

03% 

03W) 

A6  07 

WiIN4 

l.!)X  NIDIflS 

;IXrr  PORT  LlNKl'J)  LIST  IN  BUBBLE 

03'/) 

03K2 

A3  Oc: 

MAIN3 

I3A  BBOSY 

f)360 

03I'A 

29  ro 

AM)  /oShO 

0361 

6i3W) 

H3  a: 

STA  BBOSY 

0362. 

03101 

- 

■|M 

03(p3 

03  K9 

10  19 

BMl  MAIN7 

0366 

03KI1 

09  10 

OKA  (y.o 

036 ') 

03.i.:!) 

0‘>  (x; 

i*6\  HWSY 

0366 

O’lKF 

83  (Kl 

S!A  BBUir/ 

03t,7 

oli.'l 

HA 

■l-XA 

03OH 

7)3. '■7 

OA 

AS!,  A 

U‘,iM 

Oi.li.'O 

AH 

'I’AY 

0370 

o'i‘.'4 

119  41  11 

iJA  IWADD.Y 

03/1 

o3i'7 

83  QA 

STA  (3JRBKA 

O',  7  2 

n3|.'‘) 

119  42  11 

IJIA  PBKADIM-J  ,Y 

6'37t 

Oit-t: 

83  OK 

•s'lA  anyiBA)-! 

PHYSIQLOGIGAL  MTA  AOQUISIT, 


PAGE  0010 


LINE  #  LOG 

CODE 

LINE 

0375 

03FE 

20 

FO 

QA 

JSR  BUBBLE 

;lVr  PORT  LINKED  LIST  IN  BUBBLE 

0377 

0«)1 

CA 

DEX 

0378 

CVW)2 

10 

DE 

BFL  MA1N5 

0380 

OWi 

A5 

OC 

MAIN 7  LDA  BBUSY 

;HESEr  BUBLLE  BUSY  FLAG 

0381 

(ytOii 

29 

60 

)\NI)  #%0 1100000 

0382 

0^(08 

83 

OC 

S'l’A  iimsT 

038^^ 

(ViOA 

AiJ 

00 

CO 

UX\  ,'\CIA 

0388 

(yioi) 

29 

01 

AND  7-1 

0386 

iVtOK 

K7 

90 

U!'l)  MAIN 

0387 

(V,  1  ! 

78 

SEI 

03H8 

0A!2 

AI7 

0! 

CO 

IJA  AClA+l 

038'.' 

ly.; ') 

CO 

Ill 

(Ml*  7-$lll 

03'X'i 

(  Vt  I  / 

IX) 

03 

IlNE  MAINS 

0361 

0^0  <i 

AC 

K) 

C9 

JMl*  MiNlTR 

(.)362 

(ft'C 

MA1N8  ; 

INHIBIT  JNI'ERRUPIS 

0363 

iVOC 

A9 

ic 

Uil  f<MSG3 

03'y, 

m  !■; 

20 

I'J) 

05 

JSK  R1«)UT 

030') 

tVe2  i 

AO 

00 

CO 

MAIN9  1JV\  ACIA 

1(3% 

29 

01 

AND  /'I 

0307 

I't) 

I'O 

ly-j)  iv\iN9 

03 '78 

(y.28 

20 

03 

06 

•  ion  (M,K 

'.8 

Cl.l 

jENAJUJi  UmiiaTTS 

(VJk) 

: 

Al 

03 

JMI’  MAIN 

'>V2K 

;  ES(/\PI-;  — >  GO  TO  MINH'OR 

(K,02 

IVL'I'' 

;  SI'AcT,  — >  STOP/S'lART  MISSION 
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PHYSIOLOGICAL  DATA  AOQUISIT . PAGE  0011 


LINE  #  LOG 

CODE 

LINE 

0404 

042F 

rriKQ 

;6840  INTERVAL  TIMER  IRQ  HANDLER 

(yt05 

042F 

AD  E9  Al’ 

IJQA  TC112 

;READ  STATUS 

(yt06 

04,32 

49  tY 

BOR  #$FF 

0/rf)/ 

0434 

10  04 

BPL  ITKQl 

;NO  DtQ  HERE 

Cy.08 

CV'f3() 

(y^ 

ROR  A 

(Vk';'/ 

tu\ 

RDR  A 

;aiECX  T1>ER  2 

o/.io 

l«)  02 

BCS  l,TiMl2 

tVKl2 

tKi3A 

68 

rriRQl  FLA 

JRESIORK  'A' 

CVOl 

0^*3  li 

•'tO 

RTl 

0416 

043C 

A9  01 

n’IER2  IJYV 

7/1 

;40  WORD  TIMER  IRQ 

0^»16 

07*3  E 

8D  3A  11 

S'lA 

(AOE’LG 

0417 

07*41 

49  EV 

EX)R 

//SET 

(Vfl,8 

07*7*.) 

8f)  l'^  AE’ 

■S'lA 

•iraia 

07*7*(,. 

(,8 

nA 

ivai 

07*7*/ 

7MJ 

RT! 

0422 

0448 

DIGIKQ 

;TME  DIGITAL  IRQ  HANDLER  GOES  HERE 

CRf23 

WS 

> 

IT  WHL  (IIECX  WHICH  DIGITAL  CHANNEL 

CVf24 

047,8 

CAUSED  THE  WQ,  READ,  AND  SAVE  THE  DATA 

Wlb 

07,48 

4C  2E'  04 

JMP 

ITIBQ 

;SEE  LE'  miTRVAL  TIMER  IRQ 

77 
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PHYSIOLOGICAL  tWTA  AOQU1SIT......PACE  0012 

LINE  #  LOC  CODE  LINK 


0428  044B  ;  'UlERtNOiS  MJST  CONSIDER  THAT  MTA  BUS  IS  INVERTED  * 


0430 

044B 

48 

VIAJRlj 

PDA 

;Um3{RUET  FRCM  THE  VERSATILE  INTERFACE  AEAETOR  ( 

0431 

cyyy: 

A9 

20 

LLA 

«00100000 

;:VWE  'A'  DIEN  aiECX  WHICH  CAUSED  INTERRUPT 

tVt32 

(Vt^tE 

2(: 

ro  AF 

BIT 

1J--R 

CKf33 

(Vt^l 

DO 

21 

VL\J 

;  B14\NQI  D’  NOT  TIMER  1 

tVK3‘4 

(Vk'V! 

49 

[•V 

!•■/  »< 

i‘$VV 

0^t3‘) 

CVfS', 

HD 

E'D  AI' 

MA 

'V'X 

(VkK) 

rvt'iK 

A9 

!■>' 

I.!V\ 

AJIV 

WM 

49 

I''!' 

El  K 

r$EV 

(.V(3H 

(VApC 

H!) 

I'D  Ah' 

H'lA 

■Il’IKl 

;  ENABLE  OCUNT 

(Kt3'J 

CViSK 

EK 

I'H  10 

im; 

(3jUX 

I'H  10 

l;a 

13/XK 

;(IIKCK  TOR  STOP-TIME 

O) 

I'A  10 

i>\!* 

SJXM-'L'M 

WC. 

^10 

0.8 

IK  t: 

V IA4 

(y*/.3 

(y>t>A 

A9 

CD 

!.IA 

^‘>318014 

;'Sll)P-TIME' 

O/M 

(y^A: 

Hii 

K9  10 

S’lA 

'■l!i;i’'m 

(.VtfiK 

4<.: 

H  i  09 

JMl' 

iOEwx; 

Lm/ 

cy./2 

48 

V1A4 

t'lA 

(VM 

40 

KTl 

WM) 

04/4 

')() 

QA 

VIAJ 

BVC 

TlMEl 

;  BRANtH  IF  TBMERl 

(W,',! 

(yy/h 

A9 

02 

VTA2 

IJVi 

o 

I 

IV.S2 

(VWH 

■/(', 

ED  AE’ 

HIT 

IMl 

(ViM 

o^t/n 

10 

43 

BM) 

1/X'IRQ 

;BRANUI  IK  END  OF  CONVERSION  IRQ 

IK'tVf 

(y^7\< 

40 

'  tH,  04 

VIA3 

JMl' 

DICIW/ 

;SE3-:  IK  DlCim  INQ 

(Vtbh 

(480 

A9 

iiiO 

TIME] 

IJi\  ffllKXKXXlO 

(y*s7 

CVi82 

49 

n- 

l•))'<  /■'OEK 

(ASH 

(VM 

81,1 

KD  Ah' 

S'lA  !.!■■R 

;aFAK  TIMI'lRl  IRQ  HAG 

(Ki'iO 

(VK',/ 

‘JH 

■]7A 

;SAVi;  'Y  4  'X' 

li/RiO 

O'l.SH 

48 

IIA 

1  “V'l ! 

(>’i8D 

HA 

■ITA 

O-'RjJ 

(VK'A 

‘'iH 

lliA 

(ViHH 

Ah 

Ob 

J.MX  NClINlil 

;SIT  DP  INI>X  'X' 

(KA‘i 

■«) 

0/ 

IWI  'ICNTh 

1  ^thh 

(4H!'' 

!X, 

24 

TCNT 

DEC  (Tiimv.x 

0/,/,; 

(4')l 

H) 

09 

BII)  TlNT2 

( KAH 

lA 

TCNTl 

DEX 

( i/in9 

(4'4 

10 

HI’!,  lu/r 

IA/0 

(V,9I) 

(.M 

TCNTh 

I’lA 

;RES'RX<E  'X',  'Y',  &  'A' 

ox, /I 

(4'i/ 

A\ 

TAX 

(4/2 

(V,'JM 

<.H 

I’lA 

(Vt/i 

iV.VO 

AH 

TAY 

lyy/A 

(4‘»A 

M 

PI  A 

(4/3 

O/fOB 

40 

If  IT 

(4/7 

(49C 

24 

08 

TCNr2  BIT  ADBUSY 

(4/8 

(49E 

JO 

OD 

Bn.  IXN13  ;GO  Sl’ART  /V/D  CONVERSION 

(4/9 

(VAO 

A9 

80 

U4  SIOOOOOOO 
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PHYSIOOGICAL  DATA  AOQUISIT, 


PAGE  0013 


LINE  #  LOG  COEE  LINE 


0A80 

0AA2 

15  14 

CRA  CHANLS.X 

(Ml 

04V4 

95  14 

STA  CHANLS.X 

(M2 

04A6 

IlD  I'XJ  10 

Tcm’4 

UlA  OaiMTP.X 

(M.:i 

(VAV 

95  24 

S'CA  (XXJNTV.X 

(M/^ 

CFi/vB 

DO  1* 

liNE  TCMTl 

(M(i 

O^tAl) 

RA 

lara 

m 

(ys7 

(VtAE 

09  80 

OKA  Ii^lOOOOOOO 

(ViliH 

O-MiO 

85  08 

S  LA  ADBUSY 

(V,U2 

U5  14 

UK  aiANLS.X 

(FtVO 

O^nVt 

49  hr 

17J){  l‘${'h- 

(M I 

(FtlV. 

Kl)  I'D  AF 

SIA  HIRITJ 

0‘'^H9 

20  KB  07 

JSR  Rltl'lME 

CVIV3 

(Ftin: 

20  Ob  08 

JSK  KDITMI 

CF^% 

04I1I'' 

-'tC  A6  (Vt 

Jw  'icmy* 

;SEr  NEH)  A/C  OONVERSKW  FLAG  THIS  QlANNa 
;RESEr  TIMER  OGUNTER  'm^6  CHANNEL 

;SEr  BUSY  FLAG 
;START  A/D  THIS  CHANNEL 

iSLART  A/D  CONVERSION 

;SAVE  UK  TIME  OF  CXDNVERSION  K)R  THIS  CHANNEL 


PHYSICLOGIGAL  DATA  AOQUISIT . PAGE  0014 

LINE  #  LOC  OOOE  LINE 

0496  04C2  ;**fc**  end  OF  A/D  CONVERSION  UTTERRUPr  ***** 


0498 

04C2 

98 

BOCIRQ  TYA 

0499 

CVtCT 

48 

PDA 

0‘)00 

(VtCA 

8A 

TXA 

0%1 

(FiGO 

/(8 

ITIA 

CVtCI) 

AO 

08 

ITA  ADBUSY 

80  46 

STA  KEPNDX 

0004 

(Vr.A 

74  OF 

(\ND  #$0F 

OOOO 

(VtO : 

AA 

TAX 

O'kiO 

lytCD 

AD 

FI  AF 

l.!v\  IVIRtA 

U‘>07 

O-OIjO 

44 

FT' 

AiR  7'$KF 

<V^D7 

'•0 

GA 

STA  T1ISVA3.,X 

O00‘» 

lAiyi 

A6 

0. 

1.1  lA  NO  INIS 

{'0!0 

(>',!»> 

HO 

14 

BOCl 

1.1  A  OIVNIS.X 

0'' '  1 

(ViljO 

to 

O'l 

!'/-4  F(v:7 

'y'nOO 

(A 

dk:< 

oo!:i 

ID 

F4 

iti’i.  Eu:i 

001 0 

(Add 

AO 

(HJ 

1.1  A  40 

0016 

80 

08 

STA  ADBIISY 

oor/ 

lAL'.I 

I'O 

14 

Hl-t)  M(X;3 

(lOlO 

(Al'A 

7'I 

/F 

E(XI2 

AND  7'$7F 

OOl’O 

(VD'/i 

40 

14 

STA  OIANIS.X 

OOl’l 

64 

I'l’’ 

I'Ol-’F 

noi'v 

'AID 

81) 

F'D  AF 

STA  IDIfm 

•  lO.'T 

'A 

70 

'■;it  07 

.'SR  KOI'' ME 

1  '0:’4 

(>0;F 

7!) 

'Vi  08 

.IS:;  FDl'IMl 

0676 

(VtK' 

8A 

TXA 

067/ 

(AD't 

04 

w 

(«G\  «.I00(KX)00 

■■1676 

(Ai'". 

.6'/ 

D8, 

STA  ADBIISY 

067' » 

(A>''/ 

70 

I  -:  08 

H0C3 

.iS'T  FT'T-P 

.  •')  «'l 

OOi'A 

6H 

IT  A 

(.Ar'D 

/7> 

T)\y. 

OS';-,’ 

fVi.'V 

hi- 

O' A 

i.-ii 

iV,!--’) 

■'AY 

06'Wt 

1)8 

P'A 

;SAVE  Y  AND  X' 

;SAVE  RiR  LAIER  USE 

;a'T  A/D  CONVERTION  INIKX  'X' 

;G!ir  A/D  VALW-; 

;SEE  IF  ANY  aiANNELS  NEED  A/D  SERVICE 
;CO  S'lAKT  A/D  (XJNVERSION 

;L^EAK  A/D  BUSY 
;A1FIAYS  -  GO  SERVICE  DATA 

iCIFAK  A/D  RJJ/HJEST  HAG 

jS'CAKT  A/D  U)NVI'KSI()N 

;SAVK  Tins  CONVU<S ION'S  SAMPLE  TIME 

;SCT  UP  ADBIISY  HAG 

iDE'lFKMlNi;  1 1  TO  KKIP  THIS  lA'IA  -  USES  'KEPNDX 
•.Rl-STORi:  'X'  ,  'Y'  ,  AND  'A' 


physiological  MIA  AOQUISIT . PAiffi  0015 


line  #  LOC 

CODE 

0537 

0500 

0539 

0500 

0541 

0500 

AO  00 

0542 

0502 

A2  OF 

0543 

05CA 

BD  5D  11 

OW) 

0507 

M)  OE 

0Vf5 

0509 

99  fC  10 

OV,/, 

050(: 

•BD  70  il 

0547 

050F 

9)  60  J.l 

0548 

0512 

SA 

0V)9 

051  :i 

99  14  00 

05 ‘X) 

05 IH 

t8 

0551 

05 1  / 

CA 

0552. 

05|,'i 

10  1-A 

()55l 

05]  A 

Hii 

05‘A 

05  Ml 

M  06 

055H 

0511) 

A2  03 

0;>5/ 

05 !  |.' 

/VI  00 

||‘,5H 

0'..1I 

BL)  59  11 

:  i5',i| 

052.', 

III  08 

(",H() 

052), 

99  5',  ]  1 

''Mil 

0'>2') 

V'A 

1  i‘,r_> 

n52A 

’''1  f'A  (K) 

052,')  1 

1  ■>, 

:  '',66 

A 

A')  00 
KO  h;  JO 
Af.  (K) 


•I''/:’  A',  ii( 

O'l/l  O', 'ill  fij.; 


O', /I  0','i!i 

0',//,  O'.'i,.; 

0')/'> 


OS/H  O^K-', 


1**********  SUBROJ-miES  ********** 

JSCKT  ACTIVE  ANALOG  &  DIGITAL  CHANS 

iS  m  a^ive  channels 


ui  AO 
I'.!)  h:  10 
O'.)  h:  10 
s<i  W 
I'  O  ''.(i 


0')HO  OV,A  Hu  H./  10 

OSHl  ii'J  I'X:  10 

0‘)H2  O'OiO  uu  i-v.  0) 

oVi'i  05',  i  Ai)  i:;  10 

'»v  k;  10 


OVrKi  0559  HI)  ,,,)  11 

058/  055(;  HO  ]■:?  JO 

0588  Ob'iH  H'l  HI)  11 

0589  OV,i  91)  HD  1 1 

05'J()  056',  An  I'J  10 

05'.0  0V,«  '8'  HO  II 


JS  J?5  ■*“  “S’- 

ACT'IVA  LM  CKATE,X 

aai  Acrrm 

CL\  aUNTP.Y  ;SAVE  OOUNT 

UVi  S'ICWIE.X 
CIA  M!''11I01)  Y 
•IXA 

CIA  aiANLS.Y 
lA'Y 

ACnV5  Dl  lX 

y|,Y  JBHANCH  IF  N 

CJY  NOINLS  -save  NI1MHK« 


tux'  43 

U  'Y  m 

ACriV6  LM  10RTBF,X 
ai'Jj  Acriv? 

CIA  IWK,Y 
•i:<A 

.'HA  riwv.y 

JNV 

ACl’IV?  Ol  Lv; 

It;’!.  Acrjv6 

O'lY  NPORIS 

Acnvi  ijv\  M 

Cl/I  A'fWfl’ 

IJlX  NOIN18 
LOV  0(3IN18 
D,-:r 

'i-5!  A(.T|V9 
AC1'IV2  LIA  (XIIWI'.X 
'7'’!’  iXT'rrr'LY 
iao  Acnvi 
Al-'iJ  ACnv'l 


JBHANCH  IF  NOT  DONE 

;SAVE  NUMBER  01'  ACTIVE  CHANN'LS 

;MAKE  A  LIST  OF  ACTIVE  PORTS 


;br/inch  if  port  noi'  active 

;SAVE  port  dtox 
ibranui  in  not  done 

JSAVE  NUMBER  OF  ACTIVE  PORTS 

;SURT  AO  IVE  aiANNElH 
,RKhT  I2<(H/\NGE  Hv\G 

;ARRANGE  ACTVE  aiANNELS  BY  RATE 
•.WANlll  IF  IIHS  H  IAN  OR  BQUAI.  TO 


CIA  A'n-MV 
UA  (XIWILY 

cta  aii!Mn>,x  jFxaANGE  x  &  x-j 

'JA  An-MI’ 

CIA  aONIlLY 

IJA  MB.TIIOD.X 
CIA  A'lEMP 
EM  Mi:m()D,V 

cta  MirnioD.x 

MA  A  no)!!' 

CIA  Ml'lllOD.Y 
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LINE  #  LOG 

CODE 

LINE 

0593 

056B 

B5  14 

UYV  aiANLS.X 

0594 

0560 

8D  E7 

10 

STA  ATH9P 

0595 

0570 

B9  14 

00 

UA  aiANI.S,Y 

0596 

0573 

95  .14 

S'lA  UIANLS.X 

jEXCHANGE  -niESE 

0597 

0575 

AD  K7 

10 

uw  Anaiip 

0598 

0578 

99  14 

00 

iriA  (31ANI^,Y 

0599 

057H 

A9  I'T' 

IJIV 

0600 

0571) 

81.)  >:/ 

10 

•S'lA  A'L'MP 

;SEr  fLAG  SHOWING  EXCHANGE  OCCURRED 

atOl 

0580 

(A 

ACTIV3  1)101 

0602 

0581 

88 

Ol'.Y 

0603 

0582 

10  BC 

hPl,  ACT1V2 

;BRANai  IP  NOT  DOC  THIS  TIME 

06(yf 

058(, 

/VO  E7 

10 

TJA  A'HW 

0o05 

0587 

W  AB 

IlNE  ACriVl 

;  BRANCH  LE  EXCHANGE  WAG  SET 

0607 

0589 

.  *****  siiO-  DlGim  CHANNELS 

0608 

0589 

A9  00 

Acnv9  ijiA  m 

0609 

058.H 

HI)  F.7 

10 

SJA  /vTVMP 

0610 

0‘m 

A6  07 

LOX  NHIR'IS 

06 IJ 

O5‘j0 

A4  07 

r.')Y  Mi.Yiia’S 

(X>12 

059? 

88 

DEY 

(MiKi 

059.1 

30  37 

8MI  Acriva 

0615 

0595 

BO  55 

11 

ACriVA  t.Lk\  l-RiVrE.X 

0616 

0598 

1)9  55 

11 

I.>ri'  niA'rE.Y 

0617 

05')  8 

2b 

BCXI  ACi'TVB 

061.8 

05‘/;i 

I'O  24 

IlM)  AiriT/B 

0<)t9 

05')!' 

H|)  E7 

10 

S'lA  A’ll-Ml' 

062f.l 

89  55 

1! 

1.1  A  niATC.Y 

r)621 

05a  5 

')!)  5‘) 

1! 

S’lA  n<A'i>:,x 

(K,22 

C!5;V1 

Al)  1,7 

10 

IJA  AlTMl' 

t%2J 

05A8 

99  55 

1  1 

.‘VIA  lll/Vn-.Y 

I'.')  ('A 

ijv\ 

0(.:'s 

oMki 

HI)  K/ 

10 

S'lA  AI'I'MI' 

'*^.26 

1)5’;  ( 

8‘)  I'A 

(K) 

IJVv  1'()K”1S,Y 

(itt'J/ 

(!'.;>». 

05  KA 

.S'lA  I'o.'-ris.x 

(628 

AO  !7 

10 

)JA  ATIMI' 

OOl'O 

053". 

')9  KA 

(K) 

S'lA  I'Oh-lS.Y 

('6.30 

O'li'-i'; 

A‘l  [■'I'' 

IJA 

(6:',l 

f  l'ii  6) 

80  !■:/ 

10 

•S'lA  ATWI’ 

0(132 

( IS( '  1 

(A 

AcrrvB  oi'x 

('>633 

6 '  ll  A 

88 

DI-5' 

1 !()  ;6 

(i'll  ;5 

10  CE 

!'n.  AcrivA 

06.35 

OSt  7 

A!)  E/ 

10 

!JA  A1W 

CKi'.h 

05(  A 

1)0  81) 

I3N'-:  Acnv9 

0<..3/ 

f)'xL 

60 

ACTIV8  HIM 

PHYSIQLOGIGAL  DATA  ADQUISIT 
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LINE  #  IOC 

CODE 

LINE 

0639  05CD 

4C  EO  C9 

DUMP  JMP  EONITR 

0641 

05D0 

INTT 

0642 

05D0 

A9 

4B 

LQA 

ikVIAIRQ 

0643 

05D2 

8D 

ID 

04 

SIA 

$C41D 

0642t 

05D5 

A9 

04 

IJW 

#>V[AIRQ 

0645 

0507 

8D 

IK 

C4 

SIA 

(iC41’-; 

0647 

05QA 

A9 

00 

LIEl 

TO 

06^*8 

05Dl: 

49 

FE' 

EUR 

0649 

05L)!-; 

au 

EE 

AE' 

S'lA 

LER 

0650 

05P:L 

a9 

01 

I'l 

(.651 

05P3 

49 

El' 

EIK 

^55EV 

0652 

05E5 

80 

K9 

AE' 

SU. 

0653 

05EH 

80 

AE' 

S'lA 

TCELB 

0655 

05Wi 

60 

ICS 

0657 

05EC 

60 

SLFTST  RTS 

(659 

05EU 

20  03  06 

MSGOUT  JSR  CRLF 

0660 

OSFO 

80  06  C6 

MSam  STA  $C606 

(661 

05E'3 

A9  10 

TJE\  #>E6G1 

0*62 

05|.'S 

80  07  C6 

STA  TO607 

1663 

05  Ip, 

'JO  39  01 

JSR  RKEP 

(Ri64 

OSE'll 

60 

KTS 

(66o 

05  et: 

GETVAI. 

(687 

05W' 

20  DC  01 

JSR 

READ 

(6(.8 

OSi'E 

20  Cl  02 

JSR 

anpirr 

(669 

0TO2 

60 

RiS 

(6/1 

0603 

GRLE' 

(672 

(603 

48 

HIA 

C673 

W)('4 

RA 

'TXA 

%74 

(60', 

48 

niA 

(675 

(Eli  6 

2(1  FI  DO 

JSR  CRIUW 

(676 

01,09 

68 

PI  A 

16/7 

(6('A 

AA 

'L\X 

(678 

OtUll 

68 

PIA 

0679 

(6('iC 

(*) 

KUJ 

(681 

(601) 

TOHEX 

0682 

0()0D 

20  06  D3 

JSR  HEX 

0683 

(6)0 

60 

RTS 

;Dl)MP  BUBBLE 

;INITIALIZE  THE  SYSTEM  AFTER  RESET 
;SET  UP  IRQ  SYSTEM-65  VECTOR 

;STOP  ALL  TIMER  IRQ'S 
;D1SABLE  VIA  IRQ 

;DISABLE  U'TrERVAL  TIEER  IRQ 

;D0  SYSTEM  SELETEST 

;armn'  a  message  -  zero  page  aderess  is  m 

iECNITXR  RKEP  SUBROUTINE 

;GETS  A  VAI.UE  ER(M  CRT  PUTS  IN  'A' 

;MONITOK  ’lEAD  SUBROUTINE 


;OiriWIS  A  CARRIAGE  RETURN  &  l.INE  FEED  TO  CRT 


;MONnOR  CRIOW  SUBRCUTINE 


;CHANGE5  'A'  IN  ASKII  TO  A  HEX  VALUE  IN  'A' 
•.MINITOR  SUBROUTINE 
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LINE  #  LOG  COa:  LINE 


0685 

0611 

SPACES 

;CIUTPl)TS  'k'  SPACES  TO  OtT 

0686 

0611 

8D  37 

11 

S-IA  SCNT 

(X)87 

0614 

A9  20 

SPl 

im  #$20 

0688 

06  ih 

20  c:l 

D2 

JS8  cirrpuT 

;MGN11T»  SUBROUTINE 

0h89 

OtilO 

ci;  37 

11 

DEC  SCKT 

06  k: 

00  M) 

BNE  SP) 

WjOI 

0*3  U' 

60 

Kl-S 

0*393 

06  IK 

GHEX2 

;READS  TWO  aiARACTERS  ERCM  CRT  —>  HEX  IN' 

06% 

06  IK 

20 

DC 

D1 

JSR  READ 

;MJN1TCR  READ  SUBROITINE 

0695 

(622 

20 

Cl 

D2 

JSR  OUTPUT 

0*>% 

CXiO'i 

20 

06 

03 

JSR  HFJC 

;MONn'ClR  HEX  SUBROmNE 

0697 

(628 

20 

50 

D3 

JSR  (J3'r 

•.KOHITOR  LKTT  SUHRCUTINE 

(698 

(628 

29 

10 

/>W)  (CSl'D 

(699 

0*32D 

Hu 

37 

11 

S3A  SlKP 

0700 

(630 

20 

DC 

1)1. 

JSR  K12\D 

iMONnXJH  READ  SUBROUTINE 

('701 

C'63  i 

20 

Cl 

D2 

JSR  (UTPUT 

0702 

(636 

20 

0*) 

1)3 

JSR  Hl-X 

•.MONITOR  HEX  SUBROUl’INE 

0/03 

0*)39 

29 

OK 

7(MI)  /J$0F 

0704 

0*>38 

On 

(7 

11 

(KA  SCNT 

0705 

0*3j.l'; 

60 

ins 

0707 

063K 

OUHIEX 

•.OUTPUTS  TO  CRT  THE  HEX  VALUE  OF  THE  'A' 

0708 

063K 

20  CE  D2 

JSR  NUMA 

•.IWITOR  SUBROUTINE 

0/09 

0(62 

60 

RTS 

0711 

(643 

BUBLHO  -.INITITU-IZES  BUBKIT;  &  RAM  BUETER 

0712 

0643 

; SIMPLE  ROUTINE  TO  ZERO  BUFT-ER 

0714 

062t3 

LOG  =  $6 

0715 

06/3 

AD 

IK 

11 

IIA  BUFFER 

0716 

06/rf. 

85 

06 

STA  uk: 

0717 

06/i8 

AD 

20 

11 

IJA  BUFFER+] 

0718 

0*68 

85 

07 

STA  J.OC+1 

0719 

0(61) 

A2 

00 

UK  #0 

0/21 

Oh/tK 

;ZERO  aiNSBCUTIVE  MHDKY  IIXATIONS 

0722 

06/tK 

A9 

00 

LOOP  1,16  #$0 

0723 

0(351 

81 

06 

STA  (lOC.X) 

0725 

(653 

jINGREMFM'  POlMThR  "IDC" 

0726 

(6s:i 

A5 

06 

UA  ixx; 

0727 

(6S5 

18 

C!,C 

0728 

06% 

*>9 

01 

Aix:  #1 

0/20 

0*>S8 

85 

06 

triA  1/6 

0/')0 

(6SA 

AS 

07 

IJA  l/X'-*! 

0/31 

*6SC 

*i9 

OO 

A1,)C  #0 

0/32 

0*)5K 

83 

07 

STA  !XX:+1 

0734 

0*60 

A5 

06 

UA  1/6 

0735 

0662 

(S 

00 

(MI’  #0 

8/. 
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LINE  #  LOG 

CODE 

LINE 

0736 

0664 

DO 

E9 

BNE  LOOP 

0737 

0666 

A5 

07 

im  LOC+1 

0738 

CKibH 

CD 

IK  11 

OtP  LSTflLK+1 

0739 

06611 

90 

1:7 

RCC  LOOP 

07^i0 

hO 

1:0 

HhO  LOOP 

0761 

Ot'ihK 

t)0 

I61S 

0743 

0670 

60 

WKBHDR  RTS 

jURTTES  EajBBLE  HEADER  INFO  -  PARAhfnERS 

0744 

067] 

60 

RDBHDK  R3S 

;READS  BUBBLE  HEADER  DIPO  &  PARAMETERS 

0746 

0672 

TIMERS 

;INn'IAIDZE  EDR  AjD  AND  START  TIMERS 

0747 

0672 

VIA  lOKI  B  INPm'  — 

PORT  A  anwi' 

0/49 

0t,72 

78 

SKI 

;DlSAK]Ji'  INTERRUPTS 

0760 

06/3 

A9 

81'' 

!jiA  mcmnn 

;12\1,T  4  BITS  ARE  A/D  QIAN  SELECT 

0761 

067S 

49 

EE 

EOR  lO-jEE 

;  INVERT  EXjR  DATA  BUS 

O'SC 

O’, 7/ 

81) 

l■■“2  AE’ 

SIA  Dim 

(i/'S.i 

CXiV/v 

A9 

00 

IJA  )4) 

'i/‘4 

06/'l'. 

49 

I'XIR  )‘$EE 

■■i/SS 

0),,/'!': 

80 

E',  AE' 

S'lA  Dim 

;MAKJ';  PORTA  INiVT 

0/6/ 

O’ ,81 

A9 

81) 

IM  7:-“70jill01 

0/‘)8 

(M,K3 

49 

E)-' 

M.)K  PSE'E 

;  INVERT  EXIK  M'lA  BUS 

(L'SP 

f»,8‘, 

8!  1 

"X:  Al’’ 

S'lA  IXP 

0/61 

(>t),8)i 

AUXII.LXRY  CXINTROI,  REG  INI.TLAl.lZK 

076:’ 

7,:-» 

A9 

K) 

1,1  V\  #  71 1 100(3]  1 

0/6) 

49 

(•'I'' 

!-t)K  i‘S!''|-' 

;TNVl'RT  EVR  DATA  BUS 

6/ --,4 

( i8( : 

80 

:•'8  AiE' 

STA  AUX(TI. 

•,T1  (irr  ON  PB7,  Tl-KXKTINUOUS 

0/66 

(.'',8K 

T2  CUXJP?)  BY  PR6, 

DLSAB!.!',  SIIIET  Kill. 

0/6/ 

(>fi8K 

miERRDIT  I'AIAWE  AND  E1V)G  RM/LSlTiR 

0/1,8 

fitfKK 

nri  0  (,A2 

BIT  4  -  SIIIET  REG 

0769 

0681'' 

1  -  CAI 

')  ^  T.’  TIME', (in' 

0//0 

=  C82 

6  =  T!  TIMEia'T 

0/71 

(',/)8|'' 

3  CHI 

(1 

0/73 

0()8K 

A9 

E2 

IJiV  /«l 1 100010 

0/74 

0<yo 

49 

EE 

vm  /:'.$i'T 

;  INVERT  EX)R  IWTA  BUS 

0/7') 

,>,9  ] 

8D 

I'D  AF 

S'lA  in< 

;aPAR  IRQ  E32\GS 

0/76 

ilii'tti 

8i) 

El-'.  AE' 

STA  1E3-’ 

0/7/ 

i7 .9,) 

A9 

mI.' 

i.iv\  f'.$i-y 

iS'lAR'T  TIEIERS  EX)R  MISSION 

OV/8 

(■,’>91) 

49 

|.'K 

('/  *U 

0//9 

’l’.9|) 

80 

i'8  AE 

S'lA  •171.1. 

0/80 

('’■lAO 

81) 

l'\i  AE 

S'lA  TA'IC 

0/81 

6')/'. ) 

/V) 

3E  !l 

l.lEv  DKCI'IM 

;C;hT  SYSni'M  DEI.'IA  I  lEH 

0/81’ 

( 6,/,6 

K') 

1-),  /\1'' 

S'lA  '!  i  1,1, 

O/H/l 

O’.AO 

.41’ 

‘/O  1  1 

IJV'\  Di'M'lEHl 

0/8/( 

’if,/\( ' 

l-'i) 

I-'',  A!'' 

S'lA  '!  ok: 

O/HS 

' » ,/\K 

60 

iCr, 

;c;b:r  sys-iwi  iwta  iim-; 
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LINE  #  LOG 


com: 


LINE 


0788 

06B0 

RUNIT 

0789 

06B0 

*  ********  WRITE  SVSl 

0790 

0680 

20 

AF 

B7 

JSR 

PAIN 

0791 

0683 

AD 

00 

B8 

im 

PA 

0792 

06)16 

FD 

03 

Baj 

RUNITI 

0793 

0688 

4C 

68 

BO 

IMP 

$0068 

0794 

0688 

A9 

l>5 

RUNITI  LOA 

#$D4 

0795 

0680 

20 

DC 

B7 

JSR 

SFND 

0797 

06C0 

A9 

BF 

IDA 

7/$BF' 

0798 

06C2 

20 

DC 

117 

JSR 

SFND 

0799 

06C5 

AO 

00 

IW 

m 

0800 

06C7 

89 

13 

11 

RUNIT2  Lm 

RFCSTR.Y 

0801 

0()CA 

20 

DC 

117 

JSR 

SFND 

0802 

OtbU) 

C8 

INY 

0803 

06CK 

CO 

09 

cpy 

0804 

06D0 

90 

F5 

BCC 

HUNIT2 

0806 

0602 

20 

AB 

B7 

JSR 

PADUT 

0807 

06D5 

AD 

01 

B8 

IJVl 

CRA 

0808 

06  D8 

09 

10 

CRA 

^$10 

0809 

06M 

80 

01 

B8 

S3A 

CRA 

0811 

06DO 

20 

C9 

OB 

JSR 

LMCALL 

0813 

06UJ 

A9 

00 

IJA 

0814 

06E2 

8D 

00 

11 

STA 

TOTAL 

0815 

06K5 

81) 

OE 

11 

S'EA 

TOlAL+l 

0816 

OOlCS 

81) 

Ol¬ 

11 

STA 

TCr]ALf2 

0818 

06KK 

80 

io 

11 

S3A 

CAO 

0819 

80 

FH 

10 

sm 

acxx 

0820 

06  F! 

80 

V) 

1 1 

STA 

SAVEY 

0821 

06l''4 

81) 

33 

11 

S'lA 

SAVEA 

0822 

WO'V 

80 

3!-: 

11 

STA 

B25C.NX 

0823 

fJf.KA 

85 

oc 

STA 

BllL'SY 

0824 

0(,M,' 

85 

08 

S3A 

ADB'JST 

082 S 

06  FI-; 

81) 

ic: 

11 

S'lA 

IWAUG 

0826 

O/Ol 

81) 

211 

11 

S'PA 

NiniRON 

0827 

07(Vt 

81) 

2C 

11 

S'lA 

NlWCON+l 

0828 

070/ 

81) 

21) 

i3 

S'lA 

NIWDI) 

0829 

O/OA 

80 

2I-: 

!1 

S'lA 

NOWRUlM-l 

0830 

0/00 

80 

2/ 

•  1 

STA 

TIArriM 

0831 

0/10 

80 

28 

1  i 

S3A 

■nTTlFH-l 

0832 

07  1 3 

81) 

29 

1  1 

S'lA 

TPm'iy 

0833 

0716 

80 

2A 

j,l 

S'lA 

TPririFH-i 

0834 

07)9 

80 

23 

11 

IHA 

iirriM 

0835 

O/IC 

80 

24 

'  1 

S'lA 

RTIMH 

oa:i6 

0/IK 

81) 

21 

11 

S'lA 

ITTTV 

0837 

0722 

80 

22 

11 

S'lA 

PlinRH-l 

0839 

0/25 

A9 

W) 

UA 

i^OSIFT) 

oiv^ 

0727 

85 

y. 

SIA 

wiwm 

;iNrr.  poMrass,  oounteks,  tables,  etc 


;SYSTHM  ERROR  ROTTINE 
;LQAD  CANCEL  COMMAND 


;LCkU)  liCM  RBGISTERS  COMMAND 


jSBT  UP  FOV  VJRTTE  TO  BUBBLE 

jCLEAR  BUSY  DETBCTaR 
;LINK  AU,  OF  BUFFER  AREA 
jRESET  OOUNIERS 
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.PAffl  0021 


LINE 

#  LOG 

OCH£ 

0841 

0729 

A9  BC 

0842 

072B 

85  35 

0844 

072D 

A9  EV 

0845 

072F 

8D  3A 

11 

0847 

0732 

AD  3C 

11 

0848 

0735 

49  IF 

08J^9 

0737 

8D  EG 

AF 

0H50 

Q7'SA 

AD  3B 

11 

OHS) 

0731) 

49  EV 

0852 

073 1- 

8!)  A) 

A1-’ 

085T 

0742 

A9  e;3 

0854 

07^i4 

49  EV 

0855 

OZ-^ib 

81)  89 

AE' 

085b 

0749 

A9  01 

0857 

07411 

49  EE' 

0858 

074D 

HI)  E8 

AE' 

0859 

07 

60 

0861 

0751 

0862 

0751 

0863 

0751 

48 

086J^ 

07S2 

A9  00 

0865 

0/54 

85  OC 

Q(M 

0/5b 

78 

0867 

0/5/ 

20  EB 

07 

0868 

075A 

AD  32 

11 

0869 

0751) 

8D  22 

11 

08/0 

07(.0 

AD  31 

11 

0871 

O/bl 

8D  21 

11 

0872 

0/66 

58 

08/3 

0/67 

38 

0874 

0768 

e;d  23 

11 

0875 

0768 

8D  25 

11 

0876 

076e: 

A')  22 

11 

08/7 

0771 

KO  24 

11 

0878 

0774 

HD  26 

11 

0879 

07/7 

18 

0880 

0778 

AD  25 

11 

0881 

07/8 

6D  27 

11 

0882 

0/7  !•; 

80  27 

11 

0883 

0/81 

AD  2(j 

11 

oa«/f 

0/8/f 

6D  28 

11 

a885 

0787 

8D  28 

11 

n887) 

0/8A 

18 

0887 

0/88 

A9  01 

0)'J18 

0/81) 

6D  2B 

11 

088.9 

O/'/O 

8D  2B 

11 

0890 

0793 

A9  00 

0891 

0/95 

61)  2C 

11 

0892 

0798 

8D  2C 

11 

08''3 

0/98 

68 

08<V> 

0/9C 

60 

LINE 

LM  #>HM) 

STA  porwre+i 

im  #$FF 
STA  CAOFUS 

LLA 

BCR  #$IT 
STA  T7GMIR 
UA  CMTAO 
BOR  #$1'T 
STA  T7JJLUW 
!JA  i^lllOOOll 
BOR  #$!>• 
siA 
UA  #1 
EQf{  ir!?HV 
STA  TX:rL13 

irrs 


BPWRDN 

PHA 
liA  #0 
S‘1A  liBUSY 
SKI 

JSK  Rwrii« 
IIA  SAVAA+1 
STA  POTIKH-l 
IJA  SiWAA 
s“)A  pjirm 
CI.I 
sw; 

sue  POTIM 
S'! A  TIMDIF 
IJA  ppriw-1 
SRC  PUTlNH-l 
SDV  TlMDIF+1 
a,c 

UA  Tm)IF 
ADC  TlVriM 

siA  'nvroi 

liA  TTMIH.K+1 
ATX:  Tl  VTINH-l 
SIA  TPlTflNH-l 
CLC 
UA  #1 
ADC  NIAJRDN 
STA  NPWRDN 
UA  iK) 

m:  NPWWJN<-1 
STA  NPWRDN+1 
IT  A 
RTS 


;SEr  UP  INTHWAL  TDCR  -  T2  FOR  -«)  WORD  CXJUNT 


;WRirE  MSB 


;WRrrE  TIMER  2  LATCH 

jCONTRa  RBe2  -  ADDRESS  CNIL  RIG  1,  CLOCK  T2 
iT2  “  16  BITS,  T2  -  1-SHOT,  T2  C«JIPUr  ENABLED 

;DISABLE  ALL  INTERVAL  THER  IRQ'S 


;PCWhS  DOWN  THE  BUBBLE  TO  SAVE  ENERGY 
AND  CALCULATE  TIME  BUBBLE  UP 
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LIME  #  LOC 

CODE 

LINE 

08% 

079D 

BPWRUP  jPOWfcR  UP  IHE  BUBBLE 

0897 

079D 

;  AND  CALCULATE  TDt:  DOWN 

0898 

079D 

48 

PHA 

0899 

079E 

A9  00 

im  tf%iioooooo  :ShT  power  s.  busy  flag 

0‘I00 

07A0 

05  OC 

ORA  BBUSY 

0901 

07A2 

85  OC 

sm  BBUSY 

0902 

07A4 

78 

SEi 

0903 

07A9 

20  EB  07 

JSK  ROTINE 

om 

07A8 

AD  32  11 

IJA  SAVAA+1 

090S 

07A8 

80  24  11 

SIA  PUTIM*-! 

0906 

0/AK 

AD  31  11 

IJiY  SAVAA 

0907 

0711! 

HD  23  11 

STA  iirriM 

0908 

07iV^ 

98 

OD 

0909 

07119 

38 

SEC 

0910 

07rv. 

ID  21  11 

SBC  PITTIM 

0911 

07119 

80  25  11 

S3A  TIMDlF 

0912 

07  lie 

AD  24  11 

IJA  Rfrimi 

0913 

O/llK 

KD  22  11 

sm;  piriM»-i 

0919 

07('2 

KD  26  11 

SlA  TIMDIE+1 

09!  5 

0709 

18 

(lu: 

0916 

o/ai 

AD  25  11 

UW  TIMDIK 

0917 

07C9 

(iD  29  11 

AlliC  TI'DriM 

0918 

07ol; 

HD  29  11 

s-tA  'nnyriM 

0919 

07CF 

AD  2A  11 

IJV\  'L’Pm'L'^H-l 

0920 

0702 

60  26  11 

iUX:  TIM)IE+1 

0921 

0709 

H!)  2A  11 

s'lA  'i3>m  i>mi 

!  )922 

07  08 

18 

(:i,c 

092.3 

0/09 

A9  01 

I.'1A  771 

0924 

07  OK 

6D  21)  11 

ADC  NIXTRUP 

0929 

O/DK 

HI)  2D  11 

SIA  NIWUP 

0•l26 

0/h.l 

A9  00 

jm  7/0 

0927 

O/El 

(.Ip  2)-;  11 

ADC  NPWRUlM-1 

0928 

07 17. 

8D  2K  11 

S”IA  NPWRUP+1 

9929 

07  K9 

(.8 

FIA 

0930 

07l'A 

60 

RTS 

0932  07EB  RDTIME  ;SAVE  TBER  VALUES  THIS  CONVEKSION  -  USE  'X' 


0933 

07EB 

AD  re  AE 

IDA  T21L 

;MASTljK  TDER  LOW 

0934 

07Ki; 

AC  F9  AF 

LDY  T2UC 

0935 

0/El 

49  FF 

BOK  77$FF 

i  INVERT  EX)R  BUSS 

0‘736 

07  K3 

49  FF 

HOR  #$FF 

;MAKE  2'S  CCMPLEMENT 

0937 

0/E5 

18 

Cl/: 

0938 

07I'6 

69  01 

ADC  7/1 

9939 

07('« 

HD  31  11 

SIA  SAVAA 

0'7(.0 

07EB 

98 

■|YA 

0%l 

O/I'H; 

49  re 

17  )K  7/$re’ 

D%2 

07KK 

49  re- 

FOR  7/$PT 

0%:i 

OHIK) 

69  00 

Ai.x;  7'0 

0W+ 

08(i2 

81)  32  11 

S'lA  SAVAA+1 

0%5 

0805 

60 

UTS 

0<>47 

0806 

8A 

RDTIMl  'IKA 

0948 

0807 

OA 

AS!.  A 
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LINE 

#  LOC 

(xm 

0949 

0808 

A8 

0950 

0809 

AD  31  11 

0951 

080C 

99  m  00 

0952 

080F 

AD  32  11 

0953 

0812 

99  DK  00 

0954 

0815 

1^6  /lA 

0955 

0817 

60 

LINE 

XAY 

LI^  SAVAA 
SIA  THSTIM.Y 
LDA  SAVAA+1 
STA  •IH?^M^1,Y 
INC  oouNrr.x 
M'S 


;INaiI>lENr  DELTA  TDC  COUNTER 
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PAGE  0024 


LINE  #  LOG  GO® 


LINE 


0957  0818 
0958  0818  A5  46 


KEEP  ;DETEKMINES  IF  VALUE  SAVH)  OR  THROWN  AWAY 

IM  KEPNDX  ;aiECX  METHOD  OF  ST0RA(3E 


0960 

081A 

BITS  2  1 

0 

STORAGE  METHOD 

0%2 

081A 

0  0  0 

MSDIFIED  VAR.  CHANGE— 1  LSB 

0963 

08LA 

0  0 

1 

MODIFIED  VAR.  CHANGE— 2  LSB 

096^f 

081A 

0  1 

0 

DEL'CA  OONriNUOUS— 1  LSB 

0%5 

081A 

0  1 

1 

DELTA  COMriNUOUS— 2  LSB 

0%6 

08  lA 

1  0 

0 

VAR.  QlANGl'— 1  LSB 

0%7 

08.1A 

]  0 

1 

V/\R.  CHANGE— 2  LSB 

0%8 

08  lA 

1  1 

{) 

DO  Nor  saw;  this  channel 

0%9 

0K.1A 

1  1 

1 

aWLLNUOUS 

097! 

OHU 

29 

OF 

AND  7/$0F 

0972 

08i(: 

AA 

TAX 

0973 

0810 

BD 

6D  11 

UA  METHOD, X 

0974 

0820 

29 

07 

AND  #%00000111 

0975 

082? 

ED 

22 

BH)  MVCl 

0976 

0824 

09 

01 

OIF  #1 

0977 

082f. 

I'D 

22 

BIQ  MVG2 

0978 

082B 

09 

02 

Oil'  7/2 

0979 

082A 

ro 

6lV 

BBQ  DGMl 

C)<780 

082c: 

09 

03 

OP  7/3 

0981 

0828 

ftl 

6A 

BMJ  IOC 

0982 

0830 

09 

07 

OP  7(7 

0983 

081!  2 

!X) 

03 

BNi-;  *9-5 

o<m 

083?t 

/*(: 

7E  09 

JMP  (IrtNUS 

0985 

0837 

09 

(>!P  7(4 

0986 

08,39 

00 

03 

BNE  -8+5 

0987 

O.'AB 

4C 

lO  08 

•IMP  V(M 

0988 

OHIiE 

(J9 

05 

CMP  #5 

O' (89 

r)i'./(0 

DO 

03 

KNE  •'•-+5 

0990 

086? 

?»c: 

E4  08 

JMl'  VCEC 

0991 

0.8/,5 

60 

RTS 

0993 

08/6 

A9 

01 

MVCl 

IJA  7/1 

;MDDUTED  VARIABLE  CHANGE  STCRAGE  METHO) 

09‘V» 

08/t8 

DO 

02 

RNI-;  MVG 

0995 

08/A 

A9 

02 

MVC2 

mV  7/2 

09% 

oh/r: 

85 

IE 

MVC 

S'lA  ACURGY 

U9'78 

0848 

20 

9E  09 

JSR  DIFF 

iCALCULATE  DIFFERENCE  AND  MAGNITUDE 

IfKIO 

0851 

A5 

49 

IJA  MDIKF 

100! 

0851 

Hfl 

3A 

RHJ  KEEP? 

;SEE  IF'  TIFER  OVERFLOWED 

!003 

0855 

(,•9 

08 

(MP  7/8 

lOCKf 

0857 

'» 

OE 

m:  MVG3 

iUffiOC  MAGNITUDE  GUT  OK  RANGE 

lfX)5 

0859 

c:9 

09 

CMP  //9 

l(X6 

085B 

90 

03 

BCX:  *■•5 

1007 

0851) 

4(: 

76  09 

JMP  KEIP9 

1008 

087,0 

A5 

4; 

IJA  VDIHT 

1009 

087j2 

30 

03 

UMI  ■‘  ♦5 

1010 

08, C6 

/,c: 

77,  09 

•  IS)'  KELP*! 
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LINE  tf  LOC  OCfflE  LINE 


1012 

0867 

B5  4A 

MVG3 

LOA  0CUNrT,X 

;CALa.llATE  AND  OUTPUT  VALUE 

1013 

0869 

QA 

ASL  A 

1014 

086A 

QA 

AaL  A 

1015 

0868 

OA 

ASL  A 

1016 

086c 

QA 

ASI.  A 

1017 

0860 

95  4A 

STA  OOUNTT.X 

1018 

086K 

A5  47 

lilA  VDIFF 

1019 

0871 

29  OK 

AND  #$OF 

1020 

0873 

15  4A 

OKA  OOUNTT.X 

1022 

0875 

20  C6 

09 

KEEP6 

JSR  SAVE 

;GO  SAVE  'A'  INTO  BUFFER  'X' 

1023 

0878 

8A 

m 

;UPDATE  LSTVAL  $  LSITIM 

1024 

0879 

QA 

ASl  .  A 

1025 

087A 

A8 

'lAY 

1026 

0878 

89  QA 

00 

IJYA  THSTIM.Y 

1027 

087K 

99  AA 

00 

S3A  ].SITIM,Y 

1028 

0881 

89  08 

00 

UW  ’mSTIMf]  ,Y 

1029 

om 

99  A8 

00 

SIA  I^TIKH-l.Y 

1030 

0887 

85  9A 

lllA  I^IVAL.X 

103) 

0889 

18 

cu; 

1032 

088i\ 

6S  48 

ADC  SDD-T 

1033 

OHKC 

95  9A 

STA  LSIVAL.X 

10.34 

088E 

60 

icrs 

1036 

088K 

B5  4A 

KEEP7  IJIA  OOUNTT.X 

;CHECK  TIME  OVERFLOW 

1037 

0891 

29  OF 

AND  77$0F 

1038 

089.3 

I''0  ft) 

8f-9  KEEP6 

1039 

0895 

60 

R'lS 

1041 

0896 

A9  01 

DCMl 

UVA  771 

;DEJ.'IA  CONTINUOUS  STORAGE  MEfflOD 

1042 

0898 

DO  02 

BNE  rXM 

1C»43 

089A 

A9  02 

nCM2 

ixA  n 

iCK(2f 

0890 

85  n', 

DOM 

S'lA  AOURCY 

IC)45 

0891', 

20  9K  09 

JSR  UlfF 

;GBT  DIFFERFUCE  AND  MAGNITUDE 

l(V(7 

08A1 

A5  49 

UlA  MDIFT 

;affitK  FOR  OUT  OF  RANGE  ERROR 

1048 

08A3 

09  08 

CMP  #8 

1049 

08A5 

90  OE 

8a:  IXM3 

1050 

08A7 

09  09 

CMP  779 

1651 

08A9 

90  03 

80X:  '•+5 

1052 

08A8 

40  76  09 

JMP  KI-EP9 

1053 

OlvAE 

A5  47 

I.QA  VDIFT 

loyf 

0880 

30  03 

ftM!  '*+5 

1055 

0882 

''tO  76  09 

JMI’  KKIP9 

1057 

0885 

85  14 

DQO 

LQA  tllANIS.X 

jCALCULATE  AND  OUTPUT  VALUES 

1058 

0887 

29  ^<0 

AND  7^01000000 

1059 

0889 

10  17 

8Nt'; 

;BI<ANa-l  IF  WORD  FULL 

1060 

0888 

85  14 

l.l>\  OIANLS.X 

1061 

0880 

09  /rf) 

(KA  tell 000000 

;RhSFT  FTAG 

1062 

088K 

95  14 

S'lA  OOvNI^.X 
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LINE  #  LOG  CODE  LINE 


lObA 

08C1 

A5 

47 

LLA 

VDUT 

loeb 

08C3 

29 

OF 

AND 

77$OF 

1066 

08C5 

QA 

ASL 

A 

1067 

08C6 

OA 

ASL 

A 

1068 

08C7 

QA 

ASL 

A 

1069 

08CH 

QA 

ASL 

A 

1070 

08C9 

10 

6D 

11 

(HA 

ML'DKffi.X 

107] 

08CX: 

90 

6D 

11 

SIA 

METHOD.X 

1072 

08CF 

-'ll: 

78 

08 

JMP 

KKl'P6+3 

1074 

08D2 

33 

14 

DCM4  LOR 

OIANLS.X 

107S 

08D4 

93 

14 

STA 

aiANI^.X 

1076 

08D») 

no 

60 

11 

IJA 

mf:ii!oo,x 

1077 

0809 

29 

VO 

AND 

am 

1078 

OKOt! 

80 

f:8 

10 

S'lA 

ThMf' 

1079 

08DK 

80 

60 

11 

UW 

MIWIQD.X 

1080 

08F.1 

29 

OF 

AND 

#$0F 

1081 

08a 

90 

60 

11 

SIA 

MCIHOD.X 

1082 

08F6 

A3 

47 

\m 

VDIFF 

1083 

08FH 

29 

OF 

AND 

7'$0F 

[087» 

08FA 

00 

F8 

10 

OKA 

TEMP 

1083 

08fJJ 

4C 

73 

08 

JMl* 

1087 

ORFO 

A9  01 

VCMl 

IJJA  #1 

1088 

08F2 

DO  02 

BNFl  VQi 

1089 

08f4 

A9  02 

VCM2 

i.m  n 

1090 

OHH. 

83  ft: 

VOl 

SIA  ACtJRCY 

1091 

0Hf8 

20  9E  09 

JSK  DIFF 

1093 

OHFH 

A5  49 

UiA  MMFE 

1094 

08fd 

Ft)  07 

BFI)  VCM5 

10% 

08Fy 

C9  10 

CMI'  7716 

1097 

0901 

90  QA 

BOG  V<W3 

1098 

0903 

4C;  76  09 

JMP  KEFP9 

1100 

0906 

85  4A 

VCM5 

IJA  axjNn'.x 

1101 

0908 

29  7F 

AND  /7$7F 

1102 

090A 

Ft)  01 

BFl)  VCKl 

1103 

090C 

60 

KTS 

1 105 

0901) 

83  14 

VCK3 

UA  aiANIS.X 

1106 

O'lOF 

29  40 

AN!)  ».01000000 

1107 

091  ! 

DO  2  7 

8NF:  VCM4 

1108 

0913 

83  14 

LI  A  aiANUS,X 

1109 

0913 

09  X^l 

(KA  KOIOOOOOO 

1110 

0917 

93  14 

SIA  (JIANI^,X 

nil 

0919 

83  ''lA 

IJA  (xiiNrr.x 

1112 

0918 

90  K9  10 

SIA  KaiNrr,x 

1113 

09  IK 

A3  47 

IJA  VDIFF 

1114 

0920 

10  IF. 

811.  V(?^ 

1113 

0'»22 

A9  10 

IJA  #$10 

1116 

0924 

DO  02 

8NK 

92 


;CLEAR  OLD  IKLTA  VALUE 


;VERIABLE  CHANGE  STOBAGE  MEmO) 


;CALCULATE  DIFPERINCE  &  ADJUST  &  MAGNmn* 


;CHECK  DIFFERENCE  OUT  (F  RANGE 
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.PACE  0027 


LINE  #  LOC 

0Q[£ 

LINE 

1117 

0926 

A9  00 

va« 

LDA  #0 

1118 

0928 

05 

49 

(»A  MDIFF 

1119 

092A 

OA 

ASL  A 

1120 

092B 

OA 

ASI.  A 

1121 

092C 

OA 

ASL  A 

1122 

0921) 

11) 

6D 

11 

(SLA  METHCffl.X 

llZl 

0990 

9D 

60 

11 

STA  MErmoD.x 

U2A 

0933 

A9 

00 

IJA  110 

1129 

0939 

99 

4A 

STA  (XWMrr.x 

112h 

0937 

/,c; 

78 

08 

JMi*  KKLP6+3 

1128 

093A 

99 

14 

V(M4 

hX)R  aiANlS.X 

1129 

093(1 

99 

14 

SI  A  aiANLS.X 

llIO 

093K 

HI) 

60 

11 

1.1  A  .'^niiOb.X 

ini 

09/,  1 

29 

^\N0  l;$\^ 

li:i2 

0943 

OA 

AS',  A 

1  i:a 

O'Kh/, 

80 

1'18 

10 

:riA  'iw 

1  i:i4 

0%/ 

80 

EO 

10 

iji\  Kd'mr.x 

1  n9 

0%A 

90 

02 

IK  XI  VOX) 

1  l.'iO 

(.m: 

09 

HO 

OKA  /1$80 

Li;i7 

0941'; 

20 

(6 

09 

VOt6 

JSK  SAVE 

ii;t8 

09M 

AS 

49 

l,IV\  MDO'F 

1129 

0993 

00 

I'H 

10 

OKA  •I  IMI' 

1  WiO 

0998 

20 

Ch 

09 

JSK  lAVE 

'  lAl 

0999 

89 

/l\ 

IJV\  (Jli’m’.X 

1 142 

(1998 

24 

4/ 

HIT  V'll  K 

1  i4:i 

(8191) 

10 

02 

8!’l.  V(M7 

1  UA 

099K 

09 

.80 

'KA  $.30 

1 149 

()9»,1 

20 

Of, 

09 

VCM7 

JSK  ;AV!, 

:  urf. 

()'»)4 

A') 

1)0 

IJA  ■(> 

114/ 

90 

10 

lOA  l-'l'NriT.X 

ll-'tH 

0'»r,9 

99 

4A 

s'!,9  I'lwrr.x 

1190 

0')fi8 

80 

60 

11 

'JA  Nn-'moo.y 

1191 

O' Dll-: 

29 

0/ 

A.NO  '■  '  / 

1 192 

09/O 

90 

61 1 

11 

S"!A  ••»'!II()I',> 

1194 

09/1 

4C: 

78 

(18 

3M’  KM-3>6*3 

1198 

09/6 

A9 

Al 

KEPJ*9 

l.!A  f-ENlO 

1197 

09/8 

80 

)■<) 

10 

STA  1^81 ’O' 

ir>8 

(8'/H 

/fC 

83 

09 

IM!'  KKK'TK. 

1160 

09/K 

119 

(A 

(jmius  iJA  nisvAi  .x 

1161 

0'<80 

4<J 

(  Xi  09 

JMO  :AV) 

1163 

0')83 

78 

PRKPW;  SKI 

1164 

()98/, 

A9  (X: 

IJA 

iim.sY 

1169 

0')86 

29  40 

AND 

/■(AO 

1 166 

O'D'Jl 

(X  '  07 

lltl.) 

!  3;  1 

1167 

098A 

20  91  07 

JSK 

IIIWKON 

1168 

O'.O'.O 

/H 

SM 

;Kh>iKT  SAVI-I)  VAI  'IK 


.lAIA  K<V*;K  t-KKlH 


.siiHKiri'iNK  in  HANiii:  ocwrmjous  storage 


,KJ<K(R  ^^-^SAQ•;  -  UPIATE  TUERS  &  HALT  PROGRAM 


iUHlA'n';  MWI-Xl)  UP  TlPtS 
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LINE  #  LOC 

CODE 

LINE 

1169 

098E 

4C  95  09 

JMP  ER2 

1170 

0991 

20  9D  07 

ERl 

JSR  BPWBUP 

1171 

099^1 

78 

SEE 

1173 

0993 

AD  F9  10 

ER2 

LDA  ERRPTR 

1174 

0998 

20  ED  05 

JSR  MSGOUT 

1173 

099B 

4C  PO  C9 

JMP  MDNITO 

1177 

099E 

38 

DUE 

SEC 

1178 

099F 

B3 

CA 

im  IHSVAL.X 

1179 

09A1 

K5 

9A 

SBC  LSTVAL.X 

Li«0 

OOAli 

83 

48 

SIA  SDIFT 

1181 

09a3 

85 

47 

S'l  A  VDIl-r 

1182 

09A7 

10 

03 

RF^.  DlF'Fl 

1183 

09A9 

18 

OjC 

1184 

09M 

49 

FE 

FJOR  /7$FF 

1183 

09AC 

69 

01 

ADC  y/1 

1187 

09AE 

83 

49 

DIFFl 

STA  MUIFF 

1189 

091)0 

A3 

FE 

ACURCY 

1190 

09.82 

09 

02 

CM>  #2 

1191 

09lFt 

90 

OF 

8a:  ADIFFl 

1192 

0986 

24 

47 

Brr  VDUT 

1 193 

0988 

30 

01 

RMI  *+3 

11 ‘Ff 

09 8A 

18 

CLC 

1193 

0988 

66 

47 

ROR  VDIFF 

11% 

0981) 

<'(6. 

49 

LSK  FTO  FV 

1 1 97 

098K 

A3 

UFA  80113-’ 

1198 

09',:! 

2.9 

IE 

AND  l'$F3-’. 

1199 

09C! 

83 

-'*8 

STA  SOI  FT 

1200 

0903 

60 

ADIFFl 

RTS 

;UPmTE  POWERED  DOWN  TMS 

iCALCULATE  DlfEERENCE  AND  MAGNTIUDE  VALUES 
-.SAVE  DIFFERENCE 

;SAVE  MAGNnUDE  OF  DIFFERENCE 
-.ADJUST  DIFFERENCE  6.  MAGNTIUIS: 

;SET  CARRY  IF  NBGAnVE 


) 
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m 
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LINE  #  LOG 

ttIUE 

LINE 

1202 

09C6 

SAVE 

jSUBRDirriNE  TO  SAVE  'A'  IN  BUFFER  BLOCK  X 

1203 

09C6 

8E  34  11 

SIX  SAVEX  ;SAVE  RJGISTERS 

i2cy> 

0909 

80  36  11 

STY  SAVEY 

1205 

09cx: 

8D  33  1 1 

STA  SAVEA 

1206 

09CF 

A9  10 

TJJA  #$10  (CHECK  FOR  DIGITAL  CHANNEL 

1207 

0901 

20  V)  11 

BH’  SAVEX 

1208 

09LVf 

00  30 

BM:  SAVbXf  ;  BRANCH  IF  DIGITAL  CHANNEL 

1210 

0906 

8A 

SAVE3 

•IXA  ;GET  INDIRfiLT  ANALOG  POINTER 

1211 

090/ 

OA 

iVSL  A 

1212 

0908 

AA 

TAX 

12!:i 

09iyi 

84  7A 

ij)Y  oaiauc.x 

1214 

0908 

84 

S'lY  POIOTR 

1215 

O'.'OO 

iv4  7B 

IJ)Y  CQffllX+l.X 

1216 

09OF 

8/)  35 

SIY  POINTR+l 

1217 

091,1 

Al-'.  :i4  11 

!J)X  SAVFX 

12(8 

0014 

111)  36 

U3Y  CKKPIR.X  ;GEr  OFFSET 

1219 

091'/) 

AO  3.3  11 

UK  SAVIK 

1220 

091:9 

91  34 

(?rA  (IX)IKTR),Y  jSAVE  DATA 

1222 

09EB 

ta 

INY  ;CHECK  THIS  BLOCK  OVERFLCWED 

122-3 

091X1 

CO  21'  11 

CFY  UHKSZl  ;CCWPARJ!:  TO  UNIT  BLOCK  SIZE 

122.4 

09111' 

1)0  06 

I3CS  SAVE2  ;  BRANCH  U'  BLOCK  OVERFLOW 

1226 

0911 

94  36 

SAVEl 

S1Y  OBKKIE.X  ;Ul'DATE  OFTSET  POINTER 

1228 

0913 

AO  36  n 

li)Y  SAVEY  ;RESTCIRE  REGISTERS  AND  RETURN 

1229 

0916 

60 

RTS 

123! 

09K7 

20  A4  QA 

SAVE2 

JSR  BLKAJjC  ;GEr  ANOTHER  BLOCK  ALLOCATED 

1Z12 

091’A 

SA 

TXA 

1233 

091'8 

OA 

ASI.  A 

1234 

0911 ; 

AA 

T7\X 

'235 

0911) 

A5  10 

UK  NFWMK 

12-36 

09|.'F 

AO  2K  11 

U)Y  UBKSZl 

123/ 

0A02 

91  .'34 

•TIA  fPOrNlE),Y  ;L1NK  BLXKS 

1238 

0414 

')5  7 A 

S'CA  CC5113IX,X  ;in’TKT::  CURKFNT  BIXXK  POINTER 

12.39 

1  lAOf.) 

(53 

INY 

12/tO 

OA07 

A5  11 

UK  Nl'WBIX+1 

(241 

0409 

91  !)/) 

STA  (POINIEI.Y 

1242 

liAOli 

95  78 

s'!A  oainiKU  ,x 

1 2.43 

0400 

.H  6)  QA 

•  ISK  WRHIH  jWRlTE  BIXXK  HEADIH 

;2V> 

0410 

40  I'l  09 

JMI’  S;\V1':1 

12^.6 

OAl  1 

8A 

SAVB4 

m  ;TH1S  IS  A  DIGITAL  CHANNEL 

1247 

0AI4 

29  03 

AND  #$03 

1 2/41 

OAl  6 

80  35  1 1 

STA  SAVX 

1249 

OAl  9 

OA 

ASL  A 

!2')1' 

OA'A 

M 

'I'AX 

1251 

OA 1  8 

80  49  11 

IJV\  CI’HIK.X 

1252 

OAl  K 

85  ')/( 

S-IA  KHNTR 

1253 

O/u’O 

1)0  /|A  11 

l,IV\  CPBlK+l.X 

1 2  Vt 

0,\2i 

85  35 

S-fA  «)[Nn{+l 

1255 

0/\:’5 

AO  '15  11 

IJlX  ;3AVX 

1254 

o,\:’8 

80  5!  .1,1 

UK  1’BKITE,X 

95 
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LINE  #  LOC  00X5  LINE 


1257 

QA2B 

A8 

TAY 

1258 

QA2(: 

AD  33  11 

lUA  SAVEA 

1259 

0A2K 

91  34 

SIA  (POftrni),Y 

;SAVE  DIGITAL  CHANNEL  IXITA 

1260 

0A31 

08 

INY 

12,61 

0A32 

OC  21'  11 

CW  UBKSZl 

;CHECK  BLOOC  OVERELOW 

1262 

QA':I5 

80  OE 

303  SAVE6 

1264 

0A17 

98 

SAVES 

'lYA 

1265 

0A38 

9D  51  11 

iriA  PBKPl'R.X 

1266 

OAiH 

AC  3f.  11 

UJY  SAViy 

1267 

0A3K 

AD  33  II 

LIA  SAVEA 

1268 

(JA41 

AE  34  .11 

SAVEX 

1269 

QAVt 

()0 

■ri-s 

1271 

QA45 

20  A4  OA 

SAVE6 

JSK  BLKALC 

1272 

0A^t8 

8A 

IXA 

12/3 

0A49 

G/\ 

ASL  A 

1274 

QA^iA 

M 

'lAX 

1275 

0A4K 

A5  10 

Li  A  NEWBUC 

1276 

OA40 

AC  21-'  11 

L  ■'Y  UBKSZl 

1277 

OA'Kl 

91 

SIA  (P01N'rR),Y 

1278 

0/V52 

9!)  49  11 

STA  CPBIK.X 

1279 

0A55 

C8 

m' 

1280 

Oa5«) 

A5  11 

IJA  NEWBlK+1 

1281 

0A5.8 

91 

S'lA  (POIWnO.Y 

1282 

CA5A 

91)  /lA  11 

S'l'A  CPB1J<+1,X 

1 2.83 

0A50 

A)  6  3  QA 

JSK  WKHDK 

1284 

()A60 

4C  .37  QA 

SAVE'.. 

1286 

QA63 

AO  00 

WRHDR 

iDY  m 

;WRITE  BIjOCX  HEADER  DATA 

1287 

0A65 

AD  34  11 

UA  SAVEX 

;aiKlK  ANALOG  OR  DIGITAL 

1288 

0A68 

29  10 

AND  /'SlO 

12.89 

OAIA 

HO  11 

151 P  VJRIIDRI 

1291 

0A6C 

AE  35  11 

LUX  SAVX 

iDlCriAl.  CHANNEL 

1292 

0A6F 

13  5  KA 

IJA  IDinS.X 

1293 

0/\7l 

29  0.3 

/\NI)  /'$5 

129^. 

Oa/3 

09  10 

))«A  ;'slo 

1295 

OA/') 

91  10 

STA  )inWBLK),Y 

12% 

OA/7 

09  80 

(iKy\  A, ‘380 

1297 

OA/9 

91  V) 

SIA  <;i’oiwrK),Y 

;HAG  lAST  BLOCK  FULL 

1 2't8 

0A73 

08 

112/ 

1299 

OA/C 

H) 

!0I8 

1301 

OA/1) 

AE  34  11 

WRHDRl 

UK  SAVEX 

JANALOG  aiANNEL 

1302 

0A80 

35  14 

LIA  OIANIS.X 

130  3 

0A82 

29  Ol' 

AND  //SOE 

13% 

OAH/) 

91  10 

S3A  (N'HA3IJ<),Y 

1305 

flA(6 

O')  80 

fI6\  i‘S8(.' 

1301) 

r),V'8 

'0  V) 

STA  (R)lMm),Y 

;HAG  LAST  BLOCK  FULL 

!30/ 

daaa 

(8 

IIW 
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LINE  #  I/X 

CODE 

LINE 

1310 

QA8D 

AA 

TAX 

1311 

QA8E 

B5 

m 

1J3A 

TllSTIM.X 

1311' 

0/\90 

91 

10 

S'EA 

(NEV1«X),Y 

1313 

0A92 

KS 

UB 

IJIA 

■BlSTlAH-l  ,X 

1314 

0A94 

[NY 

131') 

OA'^i') 

91 

10 

S“IA 

(NlWBIKl.Y 

13  Ih 

0A“7 

AE 

34  11 

|J)X 

EAVl'X 

13  W 

UA9A 

!1‘) 

I'A 

IJW 

■insv,\i.,x 

1318 

0A9G 

ai 

L\'Y 

1319 

0A9!! 

91 

11) 

STA 

(NEWmX),Y 

1320 

0A91' 

A!) 

33  11 

11V\ 

SiWlA 

1321 

0a\2 

(.8 

INV 

1322 

OiAV3 

*)0 

i;t3 

1324 

0AA4 

BIJCAU; 

;B1XXX  ALl/ICATE 

1323 

0AA4 

;DELI1K  A  BLOCK,  IF  80%  BUFl’ER  HILL  SEl’  FLAG 

1327 

QAA4 

C6 

OD 

iH-x; 

NI.IW 

;UIEU<  LINK  EMPTY 

1328 

OAAA 

30 

28 

BEO 

HIMI.l 

1330 

OAAH 

A5 

OE 

'‘'IK 

;ASSI(JN  A  mi  BLOCK 

1331 

QAA/\ 

83 

10 

L332 

OMG 

A3 

OK 

'  ■•.K‘l 

1333 

O/UE 

83 

1 1 

•:  >41 

1  133 

0/380 

AO 

(K) 

un' 

'(I 

; DU, INK  Bl/XK 

1 336 

0A82 

HI 

10 

' A 

'  NKTOKI.Y 

1337 

|')A)V3 

83 

OE 

SIA 

■'•i.I.NK 

1338 

0/\i'.f. 

13Y 

1339 

OA!'./ 

!',l 

10 

El  A 

INI’aHIKI.Y 

13''(0 

OAt'31 

8') 

OE 

S3/\ 

"l.lNK  +  l 

1  )42 

OAIIB 

A4 

01) 

BLKAIJ 

1J)Y 

NI.INK 

;01ECK  80%  BUFIER  HJLl. 

134  t 

Oahu 

1 3'. 

OC  11 

CPY 

NSO 

liVt 

OAO) 

HO 

07 

Bt:) 

H1XAI2 

;BR/\NCH  IF  NOT  HILL 

1  Uit, 

0A(:2 

A3 

OC 

B80 

IM 

8H0SY 

;SI-n’  BUFFER  80%  tVLL  tUC 

134/ 

0A(4 

09 

20 

OllA 

fZOO 100000 

'  (/♦)) 

(i/\i:6 

83 

(k: 

SIA 

lillUSY 

[349 

0A(8 

f.n 

l<3i; 

!  3'iO 

O/iC'.i 

A3 

ik; 

BIiCAI>2 

IJA 

BHOSY 

;a£AR  80%  FLAG 

1331 

0,3' :h 

2" 

OK 

AND 

['■I'lioinii 

1332 

OACO 

8'i 

kk: 

S'lA 

Hi'oiri' 

S333 

OACE 

hO 

kO':-; 

133'. 

OAIX) 

A9 

AK 

BIXAIJ 

IJA 

T'KPKG!  1 

;'KAM  DEFLETIED' 

13  "A 

OAI,.;’ 

80 

lo  10 

S3A 

i-niKpni 

;33,' 

4G 

83  09 

JMl' 

1139 

0Af)8 

LINK  ;AJ)I)  A  KI/XK  TO  'DIE  LIMC  -  INGREKENT  DIE  LINK  HItiWl' 

1361 

0AD8 

At) 

(*) 

IJ)Y  IM) 

1302 

OAIA 

AS 

OE 

LliA  n.lNK 

97 


PHYSIOLOGICAL  WIA  AOQOISIT . PAffi  0032 


LINE 

#  LOC 

cora: 

1363 

QADC 

91 

12 

1366 

Qade 

C8 

1365 

OADF 

A5 

OK 

1366 

QAEl 

91 

12 

1367 

0AE3 

A5 

12 

1368 

0AE5 

85 

OK 

1369 

0a1':7 

A5 

13 

1370 

QAK9 

85 

Oi' 

1372 

OTiEK 

E6 

OU 

1373 

OAblU 

1)0 

a; 

1375 

OAI'3' 

60 

LINE 

STA  (CLDBLK),Y 
INY 

im  TLINK+1 
STA  (CLDBIJ<),Y 
IJ)A  OLD81K 
S'lA  TLLNK 
OU)BLK+l 
Sy\.  •['LINK+J 

INC  NLLNK 
IlNIi  Wi'At3 

!<■« 


-.aiEXX  80%  BOFPT®  FULL 


98 
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LINE  #  LOC 

OCUE 

LINE 

1377 

QAFO 

BUBBLE 

PUT  LINKED  LIST,  ADERESSED  BY  (CURBFA)  INTO  BUBBLE 

1378 

QAlt) 

8E 

39 

11 

STX  BSAVX 

1380 

CIAF3 

AO 

00 

BUBLEl 

U3Y  7/0 

1381 

0AF5 

84 

09 

STY  BUBNDK 

ZERO  BUBBLE  INDEX 

L382 

0AF7 

Bl 

QA 

im  (CURBEA),y 

CHEOl  BLOCK  PULL 

1383 

QAI'^l 

30 

2H 

8MI  8UR!Ji2 

BRANai  IF  BLOCK  PULL 

LllVf 

QAm 

A9 

10 

im  71$  10 

OlECK  PUR  DIGITAL  CHANNEL 

138‘) 

0/VH) 

24 

(K: 

BTf  88USY 

1386 

M) 

!  1 

RMJ  8I!8(e;7 

BRANCH  IF  ANALOG  CHANNEL 

1388 

0801 

Al) 

39 

11 

!J¥\  BSAVX 

1389 

0B(V» 

AA 

T.AX 

UWAIE  DIGITAL  CHAN  POINTERS  6i  RETURN 

1390 

0»0') 

UA 

Af.L  A 

1391 

OllCM) 

AH 

3AY 

1392 

0807 

AS 

QA 

IJIV  (1IR8EA 

1393 

0iiCi9 

'.)9 

41 

11 

:1TA  PBI-ADD.Y 

13% 

0!iCk; 

AS 

08 

!Jl\  (1IR8FA+1 

1399 

080K 

'•9 

42 

11 

S'lA  PBKAOIK-1  ,Y 

13% 

(ml  1 

60 

ins 

1398 

0812 

;  UPDATE  ANAUXJ  OlAN  POINTERS  4  REIURN 

1399 

0812. 

Al) 

39 

11 

BUBLEl 

UW  BSAVX 

NOl’  EHIA  -  DON'T  DUMP 

L'ldO 

08!') 

AA 

m. 

RESTORE  X 

KtO! 

0816 

OA 

AS),  A 

UPDATE  POINlTiRS  AND  RETURN 

'■■rf)2 

081  7 

A8 

TAY 

0818 

AS 

QA 

L!X\  CURBKA 

1402f 

08U 

99 

5A 

ai 

STA  CBKADD.Y 

08!  f) 

AS 

08 

!JYv  aiRBhA+l 

IW-) 

08 11-' 

‘W 

58 

00 

S3  A  C8!-’AU!>1  ,Y 

U^7 

0822 

60 

ms 

1^(09 

0823 

IV. 

IC 

11 

BUBLE2 

8T1  II-WHG 

1910 

0826 

10 

09 

IIP!.  BUB) .86 

1411 

0828 

AD 

00 

88 

1.1  A  PA 

14!  2 

0828 

20 

3D 

87 

.J,SR  WAITB 

WAIT  E'OR  im  OVER  &  CHECK  ERROR 

1413 

082E 

HD 

1C 

11 

STA  imi-3G 

'.414 

083! 

A4 

09 

BUBIE6 

IJ'Y  I'.nW'iDX 

141') 

081.1 

At-; 

3i: 

11 

IJtt  B2%NX 

1417 

0836 

81 

OA 

RUBLE3 

IJA  ((URBKA),Y 

1418 

0838 

9D 

00 

w; 

STA  8D|-ri,.K 

SAVE  WORD  IN  BUBBLE  OUTPUT  BUFFER 

1419 

0838 

El-: 

lE 

11 

INC  H?%NX 

1420 

0IV3K 

DO 

IK 

BNI-;  81'BI.!'4 

1422 

08^(0 

; START 

SY.Sn->H)S  IWA 

1423 

OlViO 

20 

AH 

B7 

J.SR  I’Alirr 

1424 

0!V)3 

A9 

4H 

IJA  I'AVS 

SEND  WRn>;  COMMAND 

142') 

OIV(') 

20 

!x: 

B7 

.ISR  Si-ND 

1426 

08.'(8 

A9 

KE 

I.IV\  /'$K!-’ 

142/ 

(''ViA 

80 

IC 

11 

S'lA 

1428 

OlVtO 

I'D 

ix; 

87 

JSK  StMD 

SEND  EKETJUTE  COMMAND 

I4i0 

08‘)0 

AD 

01 

88 

1.1A  (3<A 

1431 

08')  1 

09 

10 

(J6\  7si() 

99 
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LINE  #  LOC  OdE  LINE 


1432 

0B55 

8D 

01 

B8 

sm  oiA 

;CLEAR  BUSY  rSTBCTOR 

1434 

0B58 

EE 

3D 

11 

BUBLE4  INC  C40 

IAS-) 

0B5B 

AD 

3D 

11 

IIA  C40 

1436 

0B3E 

C9 

28 

(MP  #40 

1437 

OBfiO 

90 

3K 

BCC  BUBLE5 

;BRANCH  ON  LESS  BIAN 

1439 

0B62 

A9 

00 

LM  #0 

l^i40 

0W)4 

8D 

3D 

11 

STA  C/tO 

;RESET  OOUNTER 

IVfl 

OBL/ 

18 

an 

VWl 

0b1j8 

AD 

OD 

11 

LDA  UnAL 

JQIECK  FDR  BUBBLE  FmX 

1^*3 

OWjB 

69 

28 

ADC  #40 

Wih 

0!«>)) 

8D 

OD 

11 

SIA  ■I'OIAL 

IVvS 

OB/O 

A9 

00 

UW 

IVtL 

0b7^ 

bD 

OE 

11 

y\OC  'lOTALtl 

l<Vi7 

0l'./3 

80 

or-: 

11 

STA  TCflALfl 

0)178 

A9 

00 

IJW  #0 

0B7A 

6D 

OF 

11 

ADC  TinAlrt-2 

14')(l 

OB/I.) 

80 

Ol-' 

U 

8TA  TOIALrt-2 

1432 

0880 

O) 

12 

11 

OIP  FT(mrt-2 

1433 

0B83 

90 

1C 

B«:  BUBIES 

14")4 

0883 

00 

12 

aNE  II-6C 

1433 

0)187 

AO 

OE 

11 

Ll>\  •IVDAL+l 

1436 

O'lHA 

CD 

11 

11 

IMP  l■•l■(r^Al/^l 

143/ 

Olvil) 

90 

12 

BCC  BimLE3 

1438 

(ji'8K 

OO 

08 

BNE  IM3C 

'439 

OB'!) 

AO 

00 

11 

Ml\  'I'OT  AL 

!  /iW) 

fii'.'w't 

ai 

10 

11 

IM’  l-TOIAI- 

!/.♦,! 

OB')/ 

41 

(IB, 

i5(..c:  b08IJ-:3 

UtM 

089') 

A9 

IK.' 

IFSG  IJA  //<Feoi2 

;'stop-bubbij:  full' 

l/♦64 

0898 

80 

I-V 

10 

STA  l-KKI’ni 

14,3 

Ol/IK 

4C 

8.1 

09 

JMl'  IKIINKC 

irrf)7 

OBAl 

C8 

BUBLE3  INY 

iUffilX  END  OF  BUFT-ER  BLOCK  X 

1/(68 

0I'A2 

m 

09 

S"IY  MmNDX 

14)9 

OfU4 

a; 

2F 

11 

a'Y  UBKSZl 

14/0 

OIU/ 

80 

Ot 

8(^:  W/8IJ'8 

1.471 

0i'a9 

4C 

23 

08 

■IMP  808LI-'.2 

;JUMP  ON  'IISS  THAN' 

14/3 

nm: 

A3 

OA 

BUBLES  [JW  (UKBFA 

;Rh’JURN  H1/)CK  TO  STACK 

14/4 

Ot'A!-; 

83 

12 

STA  OLORIK 

1473 

OI'.BO 

A3 

08 

LIA  a'R8KA+l 

14/6 

I'li'.B?. 

83 

13 

S'lA  OfJ)BlK+l 

14/8 

0884 

81 

OA 

IJA  (OIKHKA),Y 

-.MODIFY  BUKK  POINTERS 

14/9 

0B8r[ 

81) 

.38 

11 

SIA  TFMPA 

'/48O 

0B89 

(« 

INY 

1/(81 

OB'iA 

81 

OA 

IJW  (aiK8F'A),Y 

!/(87 

6", lie 

83 

08 

SIA  (,URB^A-^l 

l/RVt 

0B81-; 

A!) 

38 

11 

!JV\  TFWPA 
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PHYSIOLOGICAL  DAIA  AOQUISIT, 


PAGE  0035 


LINE  #  LOG 

OQCE 

LINE 

1A84 

OBCl 

85 

QA 

STA  CURBM 

l‘!i86 

0BC3 

20 

D8  QA 

JSR  LINK 

;LINK  THIS  BLOCK  MK)  STACK 

IA88 

0BC6 

AC 

E3  QA 

JMP  BUBLEl 

1A90 

0BC9 

LMOUi 

;LINKS  TOGETHER  ALL  BLOCKS  OF  UNIT  BLOK  SIZE 

1491 

0BC9 

> 

'UEKSIZ 

A  SIRTING  WITH  'BUFIER  =>  'LSTBUC' 

1491' 

0HC9 

A9 

01 

im 

7/1 

;LTNK  FIRST  BLOCK 

1493 

85 

01) 

S1A 

N1,1NK 

;SET  UP  BUKK  CXTUNT 

14% 

Oid-i 

AD 

ID 

11 

uw 

I2n-KIK 

149'. 

OlMX) 

83 

OK 

S’lA 

•n.iNK 

14>«) 

0302 

83 

12 

SLA 

0)J)B1K 

149/ 

oiiiy. 

AD 

■K 

11 

IM 

i.;?n'.ix+i 

l‘V98 

83 

Ol' 

S3A 

■fUNK+l 

1499 

0!'.l>l 

85 

13 

S'lA 

(1IJ))UK+1 

I'iQl 

O'lUli 

AO 

01 

!J)Y 

n 

;SbT  NUIJ,  POUTTER 

15QJ 

Ol’-OO 

A9 

00 

IJA 

iio 

l‘)03 

OHLil' 

91 

12 

SIA 

((lLDliIK),Y 

l‘)05 

08K1 

18 

LM<A1J  (3,0 

jMODIFY  POINTERS 

!  W. 

0nK2 

A5 

12 

IJVl 

OLDBLK 

l‘:C7 

03.1'A 

111) 

30 

11 

SBC 

URKSIZ 

1%H 

(ys'-j 

83 

12 

SIA 

OLOBIK 

I'/iQ 

(.miio 

A5 

13 

UA 

0!J)B1J<+1 

1310 

OllKH 

17.) 

00 

SBC 

#0 

ISII 

OllKJ) 

85 

n 

S'lA 

Ol.DBlX+1 

IMl! 

Oi'.MK 

20 

1)8 

QA 

JS!< 

LINK 

;LTNK  NEXI  BLOCK 

1313 

OlV'-2 

A3 

1  \ 

1JV\ 

OLOBIK+l 

;aiECK  IF  LAST  BLOCK 

1314 

OkI'A 

a) 

20 

11 

(Ml’ 

BUKI'T.K+1 

r.!'. 

Ol'.K/ 

l•■0 

02 

Bl'J) 

LMKAI^’ 

jBRANCH  >  OR  = 

IMG 

Olll’M 

m 

17) 

BCS 

lAKALl 

r.17 

03l''U 

A  5 

12 

LMCAI.^  IJW 

OLDBIX: 

1318 

OilM) 

CD 

IK 

11 

IMl’ 

BiJKra-; 

1319 

(x:(K) 

I't) 

02 

8(-)l 

LNIOU.i 

;RKANai  >  OR  = 

13211 

(K:i)2 

'Vi 

HD 

R(.S 

L.NK/U,t 

132! 

01  :(V^ 

1)0 

LNKAL3  RIS 

1 


PHYSIOWKICAL  DMA.  AOQUISIT . PACE  0036 


LINE  #  LOG 

OODE 

LINE 

1523 

0C05 

;****r*iWn»r**  VARIABLES  '**■*•*•**•***•*• 

1524 

0C05 

*“$1000 

1526 

1000 

49  4E 

MSGl 

.BVr  'INITIALIZE 

-  I' 

1527 

lOOE 

20  20 

•BVT  '  DUMP  - 

D 

152B 

1010 

45  4E 

FBCa 

•  BYT  'filOTR:' 

1524 

1022 

43  48 

MSCaA 

•  BTf  'CHAN  PEBIODS' 

liiO 

1050 

20  2.0 

•  BYT  '  ME'IHOD;' 

i5;ii 

1050 

50  4F 

MSC2i 

.LW  'PORT  PFMODS:' 

1552 

!Mh 

5(.  45 

F6G5 

,RY5’  'VERIFY  -  V 

(HA' 

IVl'l 

1050 

4F.  47 

.l'.Yr  '.NCE  -  C 

OK  -  K 

15% 

lo^.o 

*'7  4.1 

FKGf) 

JOT  'WAIT  -  BOBBUl  INJT:' 

1555 

10M2 

4,.!  4!'' 

NSC7 

jOTf  'anwiw 

1556 

lOKO 

20  :i) 

JOT'  '-  MJWI-H  DOWN;' 

1557 

1049 

4!  45 

MSG8 

,Brr  'AcnvMS':' 

155H 

lOA! 

4!  2,F 

MSG9 

JOT'  'A/D  RANGE  ERR;' 

1559 

lO/U' 

52  4' 

MSGJl 

JOT'  'RAM  OFPUinH);' 

1,%.) 

lOiv: 

5  )  y* 

MSG' 2 

JIYT  'S;IX)P-!!L!I)BLE  FULL;' 

154! 

1009 

5.5  Vt 

MSCI4 

.ROT'  'SnOP-l'IMI':; 

IVC 

1007 

4.5  48 

MSGl  5 

.RYI  'aiAN  MFniK®;' 

154/f 

I0h:7 

A'lW 

*=*+1 

1545 

1018 

■rfossi'f+l 

1.547 

lOCT 

KOUNTT 

i54« 

lOl'V 

UIRPTR  *«*+l 

1550 

10  FA 

01 

S'Kin-M 

.BYT  1 

.STOP  SmiLATHX^  WHEN  CUXK  “  SltFIN 

1551 

lOffl 

00 

a-OCK 

.BYT  0 

.MASTER  (2jO(X  OVERFLOW 

1555 

iok: 

COUNlP  *^+16 

PERMANENT  TIMER  (XXJNTBRS 

1554 

HOC 

03 

nso 

.BYT  3 

WHEN  #  BLOCKS  <=  N80,  START  BOBBLE 

1555 

uoo 

51™. 

R'JNNL’'«;  BUBBLE  SUM 

15'% 

1110 

00 

FirrrAL 

•BYT  $00,$25,$00 

;MAX  BUBBLE  COUNI’  -  40 

15y, 

nil 

25 

1 556 

1112 

00 

1557 

III! 

RFGS5V 

SYS'lEM  BUBBLE  REGISTERS 

1  55H 

!  1  '5 

00  02 

BKAI)()2 

MM  $0200 

BUXK  ADDRESS  -  1BL0CK=256  S-BIT  WORDS 

1 559 

1115 

00  BC 

BFA002 

.WR  BUPO 

I'^O 

111/ 

00 

NBIKS 

.BOT-  $00 

NlMiliH  BUXKS  TRANSFERED  -  1 

1%! 

:  1 18 

00  02 

I9<A!J0 

.WOR  !)0200 

SEE  RCXKWELl.  BUBBLE  USER  MANUAL  PC«  INFO 

15(,:> 

'  1  LA 

00  BC 

l!FAI)0 

.WOR  I51IM0 

156/t 

11  IC 

OMAUG  *^+1 

DMA  STARl’ED  FLAG 

IV.5 

1!  II) 

Ctt  3F 

\sm  K 

.WUH  $3R« 

lAST  BLOCK  IN  BUETER 

1561) 

11  IF 

00  37 

RIJl'TliR 

.WOR  $3700 

BEGINNING  OF  BUFEES 

1V>8 

112! 

;'niraK 

USfJJ  70  CALCULA7E  BllHRUi  ON/CFF  TIMES 

1569 

.’12) 

HiriM 

*^+2 

CHRRENr  POWER  DOWN  TIME 

1570 

1 12,5 

HlTfM 

awwr  ixiwiiR  up  time 

15/1 

1  125 

TIMDIF 

TIME  DimiRENGE 

15/2 

1127 

'iTirriM  *^+2 

1WA1..  ITWER  UP  TIME 

15/ 5 

1  129 

'mifiM 

■dhal  kwer  down  time 

1574 

1 12H 

NfVKON 

ic^kVJ  j 

NUMBER  TlMhS  'IHRU  1>CWER  DOWN  LOOP 
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PHYSIOjUGIGAL  EA3A  AOQUISIT 


.VMS.  0037 


LINE  #  LOG  OCI*:  LINE 

1575  112D  NPWRUP  *=*+2 


jNUMBER  TIMES  THRU  POWER  UP  LOCP 


1577 

1578 

1579 

112F 

1130 

1131 

3E 

3F 

1580 

1133 

158] 

ILU 

1582 

U35 

1583 

1136 

1585 

113/ 

1586 

1138 

1587 

1139 

1588 

113A 

1889 

1138 

20  03 

1590 

1 130 

1591 

113E 

1593 

113F 

6C 

EC 

IBVv 

llAl 

1595 

1 1A9 

1896 

1151 

1898 

1155 

00 

1598 

1156 

00 

1598 

115/ 

00 

1598 

1158 

00 

1599 

1159 

00 

1599 

1  |5A 

00 

1599 

1188 

00 

1899 

118(; 

00 

16(K) 

1181) 

00 

00 

1600 

118K 

00 

00 

16fK) 

1161 

00 

00 

1600 

116  3 

00 

00 

1600 

1 165 

00 

00 

1600 

1167 

00 

00 

1600 

1169 

00 

00 

1600 

1168 

00 

00 

1601 

1160 

00 

00 

1601 

116K 

00 

00 

1601 

11/1 

00 

00 

1601 

11/3 

00 

00 

1601 

11/5 

00 

00 

1601 

1177 

00 

00 

1601 

U79 

00 

00 

1601 

U7B 

00 

00 

1602 

ir/0 

(603 

1180 

UBKSZl  .BYT  62  jUNIT  BLOCK  SIZE  -  2 

UBKSIZ  .BY'f  63  jUNTT  BLOCK  SIZE  -  1 

SAVAA  *>=<<'+2 

SAVfA  *^+l 

S/\VI0C  *=“''+1 

SAVX 

SAWY 

SCKp  *«=*+l 

1EM1»A  *=^+1 
llSAVX 

(AOKUG  *=*+1  ;A0  W(®D  CCWNTEE  FLAG 

CN'Iv'rf)  .W)K  800 

te>v+|  WIRD  COUNTER 

B256NX  *=="+1  ;256  WORD  COUNTER 

DELT'M  .WUR  $EG6C  jDELTA  TIME  =  -^«X)0  (MICRO  SEC.) 
PBKADD  *«*+8  ;KRT  BICCX  POINTERS 

q:)1J]j<  iteA+8  jaiRKENT  K)RT  BIOCK 

PUKl'lK  ;POR!T  BICXX  POINTERS 

[WE  .BYT  0,0 ,0,0  [DIGTIAL  EXPECTED  RATE 


POHIW  .BYT  0,0,0,0  ;H)RT  BUFFER  FILE 


(WE  .DBY  0,0,0,0,0,0,0,0  -.aiANNEL  RATES  ON  INTnALIZATlON 


method  .DBY  0,0,0,0,0,0,0,0  ;CHAN  SAMPLBC  METHC® 


STORGE  *>=*+16 
.END 


ERRORS  “  0000  <D000> 
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SYMBOL  TABLE 


SYI-iBOL 

VALUE 

ACIA 

€000 

ACTIV 

0500 

ACTIV3 

0380 

ACTIV4 

0504 

ACTfV? 

032E 

ACTI:V8 

03CC 

ACriVB 

0303 

Acuitcrv 

00  FK 

ATt'.Mi’ 

!0E7 

Auxcn. 

AFFB 

KllUSY 

OOOC 

KFADI) 

IllA 

HI<A1JI)2 

1 !  i  3 

UlANK 

DOAE 

!1I.KAL3 

OABB 

llIXALC 

0AA4 

'UiAVX 

I  no 

kuohij: 

OAE‘0 

(1112  ( 

ii!.mij'.3 

OlC'iO 

lUlHl.KL 

01(31 

HL^(I,!^7 

OB  I  2 

Kiri-'El-Jt 

[  1  1 1'' 

ICJEI 

HCOO 

caoklc: 

1  13A 

cRE'ADU 

00  3A 

CIIANl.S 

0014 

CUN! 

023 1 

ilN'lVA) 

inii 

CN'ITIUS 

09/1:; 

COON'IV 

0024 

CP  HUC 

1!49 

LRI.E 

0403 

CRJ.OW 

)X)K! 

u(,:mi 

0896 

DCM2 

089A 

DUR/v 

AFE3 

DDK  15 

Atr2 

fUKKl 

(RLVE 

D10I.KQ 

04/f8 

hiOC  1 

04U4 

F.0c:2 

04e;3 

KKl 

099  J 

|•:R2 

0993 

(•TOTAL 

1  1  10 

CiE'l'VAL 

03E(; 

1  [•;!< 

AEI^'E 

lEK 

Al'Tl) 

!T1MK2 

0430 

IT  U{Q 

04  2  F 

KI'EPA 

08/3 

KKi;P7 

088  E 

KOUN'IT 

I0E9 

I.KI'T 

1)3  30 

I.NKAL2 

OKEIl 

U'JKyMT 

0c:04 

1.001' 

Oh4E 

I.STHIJC 

111!) 

03AI 

l-'AfNl 

03  B/ 

MA  (M4 

OUT) 

MAIN'S 

03  K2 

^l/\  1 NH 

04 IC 

MA1  N9 

0421 

Ml.SSN 

03  1  3 

MISSNl 

0311) 

Mrs:iN4 

03<i9 

Mi;'.SN3 

0332 

VOK3 

O'.’CC 

M()K4 

02  (•■A 

'•OK/ 

030l( 

MONITK 

t3.ll''0 

MS(;i2 

lOKC 

MS( ;  1 4 

lOCi) 

MSO'iA 

1022 

MS(Et 

I03C 

vscy 

I'i82 

MSI  :8 

1 099 

MSOfriT 

03  EO 

■MSl.iOUT 

03ED 

'•VO.' 

0H4A 

MVCi 

081,7 

MClINI.S 

OOOli 

NI'WIIIK 

0010 

^  PWR  ON 

f  (2f( 

NIWIK' 

!  1  2') 

•ilL.lEX 

(10  3  E 

I'UTi’OT 

Ol’Cl 

I'AOI'T 

H/AU 

I'K 

!!8()2 

f'lllO 

!(/(:8 

PHKI'TR 

1131 

'•'riTM 

n  ?! 

I'dlN’I'K 

0034 

l’<  tUTHK 

1  !■)>• 

POKTS 

00  FA 

'’KTI'KM 

0231' 

PirriM 

1  i  23 

KirriMI 

0H0(, 

HOT  INK 

0/EB 

KKOSTR 

11  !3 

KKSET 

02(30 

KUNITI 

OOKK 

KI'Nrr2 

08C7 

SAVE  1 

OOEl 

;.AVK2 

09  F7 

SAVE') 

OA!/ 

SAVlTi 

OA43 

SAVEY 

1  136 

SAVX 

1133 

SEND 

B/ix: 

SET2 

02IA 

ACTIVI 

0534 

ACTIV2 

0540 

ACT IV 5 

0517 

ACT1V6 

0521 

ACTIV9 

0389 

ACTIVA 

0393 

ADI5USY 

0008 

ADIl'TT 

09C3 

B236NX 

1 1  SI-. 

1580 

0AC2 

BFAI'Dl' 

1113 

BKADD 

1118 

l(!J<A!.I 

(LVDO 

BIXAL2 

0AC9 

HIA/RDN 

0731 

15PWRUP 

0790 

nUBIO'lO 

0643 

HU  HI  3-;  1 

0A1''3 

B0BLK4 

0B38 

BUBLEB 

0I5A1 

BUi(LE8 

OBAC 

ETMINDX 

0009 

HLT'O 

BCOO 

C40 

11  3D 

CBKn'k 

0036 

(x:imix 

007A 

CIINI’ILM 

0224 

CLOCK 

lOFB 

COONTP 

lOFC, 

COO NTT 

004A 

C1L\ 

B80! 

CRATE 

MBD 

COR.BFA 

OOOA 

JX:,M 

imc 

IK:M3 

0883 

DCfV, 

U8U2 

OEETIM 

1 1  5K 

ftIFF 

099F. 

DMAM.G 

1 1  ic 

DUMP 

03C3) 

EOCl 

04l'7 

EOC  IRQ 

04C2 

IIR'IMSG 

0983 

KRSJ>TR 

10F9 

G0EX2 

06 !  K 

IIE2X 

1);5D6 

IMSG 

0B99 

IN  IT 

03  DO 

ITIRQl 

0434 

KEEIP 

0818 

KE!';f9 

0976 

KEll'NDX 

00/t6 

LINK 

0AD8 

UKALl 

OBEI 

I,N!G\U. 

0B(:9 

LOC 

0006 

LS-ITTM 

OOM 

LSTVAJ. 

009A 

I-1AIN2 

03  BA 

MAIN3 

03C0 

MA :  NO 

03  H! 

MATN7 

0404 

>11 1!  EE 

0049 

Ml'lTIIOD 

1160 

mi;:.':n2 

03(,A 

MISSN3 

036C 

M('K! 

02.H4 

M()K2 

0298 

''()R'> 

02  E4 

M0K6 

02  BB 

MSi :  1 

1000 

MSG  11 

lOAE 

'•isi;  1 3 

1007 

,MSG3 

lOlC 

Msn, 

1 0<*(’> 

MSG6 

)06F 

M'KIO 

lOAl 

MSGADR 

0606 

MVC 

084(; 

MVC! 

0846 

\’80 

1  IOC 

NBIXS 

111/ 

NI.INK 

0009 

N PORTS 

0007 

NOMA 

d2(:e: 

OI.OBIJC 

00 !  2 

I'A 

!5800 

I'A  IN 

B/AK 

EKE ADD 

1 141 

l>15IN 

B/CI, 

I'BOOT 

B/c;' 

I'CR 

A  EEC 

l>(  IR'l'A 

AE'F  1 

PORI'B 

AFFO 

FKA'n-; 

1 

PUT] 

0269 

R(3(l-3< 

D!BC 

RD15)II)R 

0671 

R'AD 

D1!k- 

KEIXIUT 

02  BO 

KKEI’ 

D!  59 

RON  IT 

06  HO 

SAVAA 

1131 

SAVE 

0')C6 

SAVE3 

090(, 

SAVE4 

0A13 

SAVEA 

!  1  33 

SAVEDC 

1 )  34 

SENT 

1  13  7 

SDIE'F 

0048 

se;t3 

0221 

SEUIP 

020B 

10/4 


SYMBOL  TABLE 


SYMBOL  VALUE 


SllFTRG 

Af’EA 

SLFTST 

05EC 

SPl 

0614 

SPACES 

0611 

STOPl'M 

lOFA 

STORCE 

117D 

TICNTR 

AFEA 

TIHC 

AFF5 

TIHL 

AFF7 

TILL 

AFT4 

TILCHW 

AFEB 

TILL 

71FF6 

T2(:NTR 

AFEC 

T2HC 

AFT9 

T2LCHW 

AFAO 

T2LL 

AKF8 

TBCNTR 

AFEF. 

T3LaiW 

AFEF 

TCNT 

048F 

TOTH 

0493 

TC'.NT2 

049C 

TtMTB 

04/\O 

TCN'r4 

04A6 

TCNT5 

0496 

TCTI,[3 

AFE8 

TCl'1.2 

Ai-1';9 

TEMP 

10K8 

tempa 

J 1  38 

■msTiM 

00  UA 

'mSVAL 

OOCA 

TIMDIF 

1125 

TIMEl 

0480 

T!MKJ<S 

06  72 

Tl.  1 MK 

OOOE 

Ton  EX 

0600 

TOT,\]. 

1  100 

I'l'in’LM 

1  !29 

Tini'I'  I.M 

1 J27 

lIBKSIZ 

1130 

UBKSZl 

11 2F 

VCM 

oaF6 

VCMl 

OHl'O 

VCM2. 

081-4 

VCM3 

0900 

V(>14 

09iA 

vt;M'> 

0906 

V(;m6 

094E 

VCM7 

0961 

VCMS 

0926 

VO  IFF 

0047 

VfAl 

0474 

VLA2 

0476 

VlA'i 

0470 

VLA4 

04/2 

VTA  IRQ 

044B 

WAITB 

B73D 

WHmfDR 

06/0 

WRIIOK 

0A6.) 

WRHDRl 

Oa/o 

KNU  OF  ASSIMLY 
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The  objective  of  this  appendix  is  to  describe  the  Data 
Acquisition  Hardware  Board  and  its  interface  to  the  Rockwell 


System-65  minicomputer.  The  five  functional  areas,  in  the 
order  discussed,  are: 

a.  Signal/Buffering 

b.  Address  Decode  Circuitry 

c.  Analog- to-Digital  Data  Acquisition 

d.  Interval  Timer 

e.  Digital  Data  Acquisition 

Refer  to  the  wiring  diagram  (Figure  15)  for  the  following 
discussions . 


ignal/Buf  fering 

Signals  from  the  System-65  are  brought  on  the  board 
via  the  86-pin  edge  connector,  labeled  as  PI  in  Figure  17 
(Ref  12;  Chap  k,  4).  Address  lines  AO  through  A15,  in 
addition  to  read/write  (R/W)  iind  Phase  2  (02),  are  buffered 
through  three  8T97  non  invert ing ,  s ingl e-direc t ion ,  hex  bus 
drivers  (Kl,  K2  and  K3  in  Figure  17).  The  eight 
bi-directional  data  lines,  DO  through  D7 ,  are  buffered 
through  two  8226  bi-directiona 1 ,  quad,  inverting  (for 
System-65  compatibility),  tri -state  bus  drivers  (K4  and  K5 
in  Figure  17).  The  tri-state  control  for  the  data  buffers 
is  taken  directly  from  the  buffered  R/W  line,  while  chip- 
select  comes  from  the  address  decoder. 
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Other  signals  available  from  the  PI  edge  connector  are 
shown  in  Figure  17.  However,  only  interrupt  request  (IRQ) 
and  Reset  are  used  at  this  time.  Both  IRQ  and  Reset  are 
active  Low,  nonbuffered,  open- collector  signals.  All  IRQ 
signals  on  the  board  are  "or”  wired,  while  all  Reset  signals 
on  the  board  are  "and"  wired. 

Address  Decode  Circuitry 

The  eight  most  significant  bits  (A8  through  A15)  of 

tile  buffered  address  Lines,  through  appropriate  inverters, 

are  logically  NANDFD  (7A30  eight-input  "NAND"  gate) 

together  to  produce  the  AFXX  signal  (see  socket  J1  in 

Figure  17).  This  signal  enables  the  3-to-8  line  decoder 

(74138)  of  socket  HI.  Address  line  A7  (used  as  chip  enable 

ftir  HI)  and  address  lines  A4  through  A6  (used  as  data  inputs 

to  HI),  define  the  outputs  of  HI  to  be  AF8X  through  AFFX . 

Individual  devices  use  these  signals,  in  addition  to  tlie 

remaining  buffered  address  lines  (AO  through  A3),  to  define 

their  unique  addresses.  The  ciddresses  are  as  follows: 

AFFO  through  AFFF  VIA 

AFFH  through  AFFF  IN'I’FKVAl,  TIMER 

AJ''DC  through  AFDI’  IMA 

Ana  1  og-  (  o-D  i  gi  La  1  D^!  a  Acc|ui  s  i  t  i  on 

'I'll is  function  !■  obviously  the  heart  of  the  Data 
Actiuisition  llaniware  Board.  The  two  LSI,  40-pin  chips 
chosen  to  imijlement  this  function  are  the  ADC0817  analog 
data  ac(|uisition  chip  and  the  Rh322  Versatile  Interface 
Adaptor  (VIA)  chip. 
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The  AIJC0817  consists  of  a  channel  select  latch  that, 
through  an  analog  multiplexer,  selects  one  of  16  single- 
ended  analog  signals.  The  selected  signal  is  then  passed 
through  a  successive  approximation  analog- to-digital  (A/D) 
converter  whose  eight-bit  out[)ul,  represents  a  ratio  of  the 
Lull-scale  voltage.  The  chip  provides  tlie  capability  to  do 
signal  processing  between  the  multiplexer  and  the  A/D  con¬ 
verter  input.  This  allows  the  addition  of  a  s;imple-and- 
hold  circuit  if  necessary. 

The  R6‘j22  VIA,  using  peripheral  ports  A  and  B,  provides 
the  interface  between  t.he  SysLem-65  and  the  ADC0817.  Each 
port  has  two  peripheral  control  lines  (CAl,  CA2  and  CBl, 

CB2)  to  do  the  required  handshaking  witli  the  ADC0817.  The 
lower  four  bits  of  port  B  are  connected  to  the  ADC0817 
channel  select  latch.  Fort  B's  lower  four  bits  are  pro¬ 
grammed  as  outputs.  Control  line  CB2  is  programmed  to  out¬ 
put  a  negat  i  ve- go  ing  pulse  when  ])orL  B  is  written.  The 
(juLse  on  CB2  causes  two  actions:  first,  the  negative-going 
edge  causes  the  data  on  the  K)wer  four  bits  of  port  B  to  be 
latched  into  the  channel  select  latch  and  second,  the 
positive-going  edge  signals  the  A/D  converter  to  begin  con¬ 
version  of  the  selected  channel. 

Fort  A's  data  lines  are  programmed  as  inputs  and  are 
tied  directly  to  the  A/D  converter  outputs.  The  end-of- 
conversion  (EOC)  signal  from  the  A/D  converter  is  wired  to 
[)ort  A's  control  line  CAl.  EOC  causes  the  data  supplied  by 


the  A/D  cuiwerter  to  be  latched  into  part  A  and,  if  enabled, 
an  IRQ  signal  to  be  sent  back  to  the  System-65. 

The  two  independent  16-bit  timers  on  the  R6522  VIA  are 
wired  such  that  the  output  of  timer  1  is  the  input  to 
timer  2.  This  allowed  a  hardware  realization  of  the  Mission 
Run  Clock. 

Lnte  rva 1  T imer 

The  M6840  interval  timer  was  used  as  a  simulation  tool 
for  timing  certain  evettts.  it  contains  three  independent 
16-bit  counters,  each  capable  of  being  programmed  in  one  of 
four  modes:  continuous,  single  shot,  pulse  width  compare, 
and  freciuency  compare.  K.ach  timer  can  select  as  an  input 
cither  the  system  02  clock  iw  an  externally  supplied  clock/ 
gate  combination.  liacit  timer  lias  an  individual  output  which 
can  act  as  a  [i  rogrammab  I  e  pulse  timer  signal  or  an  indi¬ 
vidual  I  R(^  signal.  The  chip  also  lias  a  combined  IRQ  signal. 

D  i  g  i  t  a  i  Da_t_a  Acq  uisi  t  i  on 

Digital  Data  Accju  i  .s  i  t  ion  is  performed  by  the  MC6820 
I'eripheral  Interface  Adaptor  ()*tA).  The  PIA  is  capable  of 
interlacing  to  two  peripherals  through  two  eight-bit  paral¬ 
lel  ports,  each  with  two  control  lines  for  handsliaking .  T’u 
PIA  interfaces  to  the  Sy.stem-65  througii  the  eight-bit  dai 
bus,  three  chip-select  lines,  two  register  select  lines, 
two  IRQ  lines,  the  R/W  line,  the  enable  line,  and  the  reset 
line.  The  data  bus  is  tri-stated  until  the  chip-select 
lines  are  enabled;  llu'  direction  of  data  flow  is  determined 


by  R/W.  The  chip-select  lines  are  enabled  by  the  AFDX  sig¬ 
nal  of  the  address  decode  and  the  buffered  A3  and  A2  lines. 
This  places  the  VIA  address  between  AFDC  and  AFDF. 

Buffered  address  lines  AO  and  Al  are  wired  to  register 
selects  zero  and  one,  respectively,  to  determine  what 
internal  register  is  to  be  addressed.  The  enable  line  is 
wired  to  the  buffered  02  line  and  is  used  to  clock  data  into 
and  out  of  tile  PIA.  The  reset  line  is  "and"  wired  to  the 
System-65.  It  is  used  as  a  power-on  reset  and  as  a  master 
reset  during  system  operation. 

Each  port  can  be  programmed  to  act  as  an  input  or  out¬ 
put.  This  will  allow  the  ports  to  interface  to  digital 
input  parametei's  during  a  mission  run  and  interface  to  a 
magnetic  tape  or  other  mass-storage  device  to  dump  the  col¬ 
lected  datii  al  ter  a  mission  run. 
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A  design  is  presented  for  a  self-contained,  man-mounted  data  acqui-’ 
sit  ion  system  to  sample  and  store  12  environmental  and  physiologi¬ 
cal  parameters.  The  design  consists  of  one-megabyte  of  nonvolatile, 
magnetic  bubble  memory  storage,  16  analog  input  channels,  and  four 
digital  input  channels,  and  is  controlled  by  a  6502  microcomputer.  ' 
uperatlonai  .software  was  designed  and  simulation  conducted  on  a  1 
j  Rijckwei.  1  :'.v8tem-65  minicomputer  augmented  with  two-megabits  of  mag-, 
•  necLc  bubble  memory.  Two  types  of  data  storage  methods  are  ; 
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examined  •  continuoufi  (or  pulse  code  modulation),  and  three 
variations  of  delta  pulse  code  modulation  for  reduction  of  data 
storage. 

Nonuniform  sampling  rates  (or  sampling  Jitter)  caused  by 
simultaneous  sampling  requests  were  investigated,  and  ways  to 
reduce  or  eliminate  the  occurrence  of  Jitter  are  also  presented. 
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